LEADERSHIP  IN 


QUALITY 


Advances  again  with.. 


Features  two  new  advantages;  Balance-wound  Power  Trans¬ 
former  which  reduces  inductive  hum  to  a  minimum;  Input  Trans¬ 
former  of  the  Ring-Core  type,  which  increases  the  signal  level 
at  the  most  desired  point.  .  .  .  Frequency  response,  30  to  12,000 
CPS  (±  Idb).  Paper  condensers  used  in  pxjwer  supply.  Trans¬ 
former  coupled — highest  grade  nickel  alloy  core  us^.  Table  or 
rack  mounting. 


IMPROVEMENT  "  IS  THE  KEYNOTE  OF  AMPERTTE 
ENGINEERING  ACTIVITY.  WE  BELIEVE  THAT  ONLY  THE 
HIGHEST  IN  QUALITY  IS  DESIRED  BY  BROADCASTING  STU- 
DIOS.  THAT  IS  WHY  THE  AMPERTTE  VELOCITY  HAS  BEEN 
BUILT  UP  TO  THE  POINT  WHERE  IT  IS  THE  FINEST 
MICROPHONE  AVAILABLE  TODAY.  REGARDLESS  OF  PRICE. 
SEE  FREE  TRIAL  OFFER  BELOW 


Again,  Amperite  demonstrates  leadership  by  being  the  first  to  use 
the  Ring-Core  (the  ideal)  Transformer  commercially.  The  Ampjerite 
SR-80  Velocity  incorjjorotes  this  superior  transformer.  Its  low  dis¬ 
tributed  cap>acity  decreases  the  high  frequency  attenuation  to  an 
absolute  minimum,  resulting  in  more  brilliant  reproduction.  Induc¬ 
tive  pickup  is  reduced  to  absolute  minimum  .  .  .  NEW  INPUT 
TRANSFORMER,  ring-core  type,  also  available  to  studios.  Second¬ 
ary  impedance  250,000  ohms. 


ondary).  Hand-hammered  ribbon  not  af¬ 
fected  by  even  a  40-mile  gale.  Available 
also  in  High  Impedance  Model  SR-80H 
which  op>erates  directly  into  grid  of  tube. 
New  design  permits  running  '4"  cable 
up  to  125  feet.  LIST  PRICE  (SR-80  or 
SR-80H)  $80.00.  CaU  Utter  Plate.  List  $5.00. 


High  fidelity.  Accurate  definition.  Natural 
brilliance.  No  background  noises.  No 
peaks.  Con  be  placed  up  to  2000  feet  from 
the  amplifier  without  appreciable  loss. 
Frequency  response  30  to  14,000  C.P.S. 
Output,  -64  db  (open  line);  -90  db  when 
using  input  transformer  (100,000  ohms  sec- 


^  TJ^jTTa  AC  (OR  BATTERY-OPERATED)  PRE-AMPUnER 


Cable  Address: 
Alkem,  New  York 


Adjustable  in  any  direction.  Noiseless  action  permits  noiseless 
adjustment  while  operating.  Adjustable  counterweight  and  fric¬ 
tion  clutch  provide  smooth  and  easy  operation:  The  Boom  can 
be  lowered  or  raised  by  mere  pressure  of  the  hand,  without 
requiring  any  locking  devices.  Microphone  height  can  be  varied 
from  36"  to  96".  Ungth  of  boom  arm,  28".  (Other  lengths  obtained 
upon  request  at  slight  extra  charge.  LIST  PRICE,  $50.00. 

Amperite (ompany  ssi  broadway  new  yore 
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STACKPOLE  PRODUCTS 

U/ill  •f/elp  l^ou  Solve  l^oux  )Q.attio  J^oltlemi. 

•  VARIABLE  RESISTORS 

Types  "C”  — Carbon  element.  Plain 

**CM”  — Carbon  element.  With  switch 
"P”  — Paper  element.  Plain 

"PM”  — Paper  element.  With  switch 
"MP”  — Midget  paper  element.  Plain 
"MP”  — Midget  paper  element.  With  switch 
"PSM” — Super  midget  (Plain  only) 

•  SNAP  SWITCHES 

M3-1  — SPST 
M5  —SPOT 

M8  — SPST  (four  terminals) 

M9  — DPST 
MlO  — DPDT 

•  TONE  SWITCHES 

{May  have  snap  switch  attached) 

Type  M — 1,  2,  3  or  4  tone  positions 

•  TONE  SWITCHES 

{Without  snap  switch) 

Type  SM — 1,  2  or  3  tone  positions 

•  FIXED  RESISTORS 

Vsj  Vi,  1,  3  watts,  non-insulated 
Vi,  1  watts,  insulated 

•  SUPPRESSORS 

spark  Plug  or  Cable  type 
5,000,  10,000,  25,000  ohms 

Look  for  new  developments  in  coming  issues  of  ^^Electronics** 


STACKPOLE  CARBON  COMPANY 

ST.  MARTS,  PENNSYLVANIA 

*These products  are  sold  only  to  manufacturers  of  original  equipment. 
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Crosstalk 


►  TELEVISION  ...  In  this  issue  is 
presented  an  up-to-the-minute  survey 
of  television  written  as  a  result  of  con¬ 
ferences  with  men  in  each  of  the  sev¬ 
eral  laboratories  actively  engaged  in 
bringing  this  new  service  into  reality. 
All  such  men  fear  that  the  public  will 
gather  that  television  is  imminent,  that 
it  is  already  frozen  in  its  present  tech¬ 
nical  tracks,  that  for  some  reason  the 
“interests”  are  holding  it  back.  None 
of  this  is  true.  Television  is  still  some 
distance  away,  commercially,  but  the 
hopeful  thing  is  that  television  is  very 
definitely  now  on  the  way,  commer¬ 
cially. 

We  have  seen  demonstrations  of 
studio  pickups,  of  street  scenes,  of 
football  games  transmitted  from  film. 
All  were  definitely  interest-holding, 
indeed  exciting.  But  there  are  many 
technical  and  commercial  problems  yet 
to  be  solved  before,  say  a  year  and  a 
half  from  now.  New  York  City,  and 
perhaps  Philadelphia,  can  buy  receivers 
for  the  home. 


►  THUNDER  WORSE  THAN  LIGHT- 
NING  .  .  .  Like  the  dog  whose  bark 
is  worse  than  his  bite,  thunder  and 
not  lightning  proved  to  be  the  disturb¬ 
ing  factor  in  radio  reception  in  the 
first  storm  of  the  season  May  3 — to 
those  listening  to  Major  Armstrong’s 
frequency  modulation  system.  Signals 
coming  from  W2AG  on  2.5  meters,  11 
miles  away,  300  watts,  were  clear 
from  noise  while  it  was  impossible  to 
listen  to  the  big  stations  on  broadcast 
Wavelengths.  So  strong  was  the  local 
static  that  on  a  broadcast  set  with  in¬ 
sulated  tuning  knobs  held  to  the  con¬ 
denser  shaft  with  a  steel  screw,  each 
crash  of  static  would  make  itself 
known  to  the  listener  by  a  sharp  pinge 
of  electric  shock.  On  the  strong 
crashes,  only  a  slight  “tick”  was  heard 
in  the  Major’s  receiver.  Short  waves 
and  frequency  modulation  seems  to  be 
the  answer. 


►  COPS  AND  ROBBERS  ...  On  May  22 
Colonel  H.  Norman  Schwartzkopf  of 
the  New  Jersey  State  Police  demon¬ 
strated  a  new  adjunct  to  the  identifi¬ 
cation  of  criminals.  Portable  sound 
motion  picture  apparatus,  sight  and 
sound,  designed  by  RCA  Victor  engi¬ 
neers  is  the  heart  of  this  new  im¬ 
plement  in  the  war  on  crime.  The 
equipment  is  made  up  of  the  camera, 
prefocused,  the  backdrop  with  canvas 
flooring  indicating  the  proper  positions 
of  camera  and  subject,  lights,  etc. 
Thus  the  line-up,  now  seen  by  a  few 
detectives,  can  be  immea.surably  in¬ 
creased  in  both  the  dimensions  of  time 
and  space. 

►  BIBLIOGRAPHY  ...  A  reader,  in¬ 
terested  in  the  Massa  series  of  articles 
on  loud  speakers,  the  first  of  which 
appeared  in  March  and  the  second  of 
which  is  in  the  works,  cites  two  refer¬ 
ences  which  others  intersted  in  loud 
speakers  might  consult.  They  are: 
“Sound  Waves  of  Finite  Amplitude  in 
an  Exponential  Horn,”  by  S.  Goldstein 
and  W.  W.  McLachlan,  Journal  of  the 
Acoustical  Society  of  America,  April, 
1935,  page  275  and  Thuras,  Jenkins  and 
O’Niel,  “Extraneous  Frequencies  Gen¬ 
erated  in  Air  Carrying  Intense  Sound 
Waves,”  Bell  System  Technical  Journal, 
January,  1935. 

►  TUBES  HELP  MAKE  AUTOS  ...  A 
second  article  by  Ralph  Powers  of  De¬ 
troit  who  is  going  great  guns  in  equip¬ 
ping  various  automobile  plants  w’ith 
electronic  apparatus  points  out  the 
backwardness  of  radio — while  every 
day  we  hear  of  new  applications  of 
tubes  to  the  manufacture  of  automo¬ 
biles  we  have  yet  to  hear  of  a  new  use 
of  tubes  in  a  radio  plant  which  has 
gone  into  service  during  the  last  year. 
We  do  not  believe  this  is  because  radio 
plants  are  already  well  equipped  with 
electronic  apparatus  but  merely  that 
radio  men  are  so  close  to  the  woods 
they  can’t  see  the  trees. 


►  SUPERSONICS  .  .  .  Recent  interest 
in  vibrations  beyond  the  audible  range 
indicates  that  a  new  agency  may  be  in 
the  process  of  development,  an  agency 
of  wide  usage  in  industry.  It  is  known 
the  certain  chemical  reactions  will  take 
place  under  unusual  conditions  of  tem¬ 
perature  and  pressure  when  stimulated 
by  supersonic  vibrations.  The  steriliz¬ 
ing  properties  of  high  frequency  vibra¬ 
tions  are  also  under  investigation. 

►  WHOA !  .  .  .  Reliable  records  show 
that  tube  manufacturers  during  the 
year  1935  brought  out  99  new  types  of 
receiving  tubes  not  available  before 
that  year.  Thus  the  tube  designers 
keep  up  their  good  (sic)  work  of  con¬ 
fusing  engineer,  trade  and  consumer 
with  new  varieties  of  vacuum  tubes 
before  the  possibilities  of  those  already 
existing  have  been  digested. 

All  we  need  now  is  a  whole  new  batch 
of  deflection  type  tubes  and  a  whole 
new  batch  of  secondary  emission  tubes. 

►  A.F.C.  FOR  AUTO  RADIO  ...  It 
seems  to  us  that  a  most  logical  place 
for  automatic  tuning  systems,  made 
possible  by  the  automatic  frequency 
control  circuits,  is  in  auto  radios.  Much 
too  much  effort  must  now  be  expended 
by  the  driver  of  a  car  to  tune  in  the 
desired  station,  taking  his  attention 
from  the  vital  business  of  keeping  his 
engine  of  destruction  on  the  road  and 
out  of  the  rear  of  someone  else’s  car. 
This  would  be  much  better  than  trying 
to  devise  better  tuning  indicators  for 
auto  radio,  for  which  there  is  much 
demand  at  the  moment.  Unless  radio 
people  make  the  auto  radio  safe,  there 
is  strong  likelihood  that  safety  pro¬ 
grams  may  have  too  much  to  say  about 
radio  for  radio’s  own  good. 

P.S.  ...  The  RMA  and  SAE  Com¬ 
mittee  on  Automotive  Radio  at  a  recent 
meeting  condemned  the  use  of  visual 
tuning  indicators  on  auto  radios. 
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g  by  Ultra-Violet  Light 


In.  variable  width  recording,  improve* 
ment  has  been  secured  by  using  filtered 
light  with  an  optical  peak  at  3800  Ang* 
Strom  units.  Exposures  made  by  short 
wave  length  light  are  restricted  to  the 
emulsion  surface,  reducing  halation 
from  the  film  base,  limiting  image 
spreading.  The  chromatic  correction  of 
lenses  is  better  with  a  relatively  narrow 
band  of  wave  lengths.  Diffraction  of 
the  recording  beam,  which  limits  defini¬ 
tion,  is  less  with  short  wave  length  fil¬ 


tered  light.  As  a  result  image  resolution 
and  sharpness  are  greatly  improved. 
Under  the  microscope,  a  9000  cycle 
track  made  with  filtered  light  looks  as 
good  as  a  3000  cycle  track  made  with 
white  light.  To  take  full  advantage  of 
this  improvement  a  non-slip  printer  has 
been  evolved  with  a  regularity  of  motion 
equivalent  to  that  of  a  recorder.  In  it 
filtered  light  is  used  for  illumination. 
This  development  is  due  to  Glenn  L. 
Dimmick  of  RCA  Photophone. 


Ja 


in  Sound  Pictures 


Volume  range  expansion — wider  frequency  range — automatic  rerecordin: 
playback  technique — better  film  motion — u-v  recording — new  theater  reproducers 


new 


During  the  somewhat  turbulent 
honeymoon  which  followed  the 
union  of  motion  pictures  and  sound 
recording,  the  objectives  of  the 
sound  technicians  were  very  limited. 
Under  the  existing  conditions,  the 
technique  was  confined  to  one,  two, 
or  three  people  standing  stock-still, 
delivering  lines  with  more  trepida¬ 
tion  than  expressiveness  to  a  station¬ 
ary  microphone  suspended  just  out 
of  the  camera  field.  The  idea  that 
the  microphone  might  be  moved 
during  a  take  was  regarded  with 
horror.  Shifting  the  camera  was 
downright  impossible,  because  it 
was  housed  with  the  camera  men  in 
a  tremendous  padded  cell,  which, 
while  it  kept  the  noise  of  the  camera 
out  of  the  microphone,  made  an  even 
louder  noise  of  its  own  whenever  it 
was  moved. 

With  the  advent  of  sound,  accord¬ 
ingly,  motion  pictures  became  prac¬ 
tically  a  series  of  still  photographs. 
The  duty  of  the  sound  man  was  to 
get  an  accompanying  record  as  loud 
and  intelligible  as  possible,  whether 
he  was  recording  a  long,  medium,  or 
close  shot.  The  nature  of  the  sound 
had  little  relation  to  the  picture. 

This  technique  did  not  give  satis¬ 
faction  very  long.  The  sound  tech¬ 
nician,  sometimes  spontaneously,  and 
sometimes  with  a  little  urging  from 
directors  and  others,  began  to  record 
“in  perspective.”  A  long  shot  track 
not  only  had  more  reverberation 
than  a  closeup,  but  the  volume  was 
allowed  to  drop  proportionately. 
Then  mobility  was  reinstated.  The 
idea  of  the  microphone  boom  was 
old;  improved  forms,  first  of  wood 
and  later  of  steel  and  aluminum, 
were  devised  to  swing  the  micro¬ 
phone  over  any  part  of  the  set  to 
follow  the  action.  At  the  same  time 
camera  blimps  were  developed,  and 
photographic  flexibility  was  gradu¬ 
ally  restored. 

At  about  the  same  time  the  pos¬ 
sibilities  of  rerecording  began  to  be 
probed.  At  first  only  those  sounds 


began  to  realize  that  this  annoyance 
could  be  reduced,  if  not  altogether 
eliminated.  To  accomplish  this  the 
light  transmission  of  the  recording 
equipment  was  limited  to  the  amount 
necessary  to  carry  the  modulation. 
In  the  case  of  variable  width  tracks, 
instead  of  leaving  half  the  track 
area  clear  during  periods  of  modula¬ 
tion,  a  movable  mask  was  added  to 
shut  off  all  but  a  narrow  marginal 
area.  In  variable  density  record¬ 
ing,  the  light  valve  was  modified  to 
shut  off  as  much  illumination  as  pos¬ 
sible  for  any  given  amplitude  of 
recording.  In  either  case  the  action 
was  automatically  controlled  by 
diversion  of  part  of  the  recorder 
input  and  subsequent  rectification, 
so  that  the  envelope  of  the  modula¬ 
tion  controlled  the  admittance  of 
light,  with  a  resulting  reduction  in 
the  surface  noise  of  the  film. 

The  next  step  was  to  increase 
the  frequency  range  through  im¬ 
provements  in  amplifiers  and  loud 
speakers.  Frequently  this  was  done 


By  CARL  DREHER 

RKO  Studios 
Hollywood,  California 


reached  the  film  which  the  micro¬ 
phone  could  pick  up  on  the  set.  But 
now  it  proved  possible  to  take  an 
original  sound  track,  run  it  through 
a  reproducer,  convert  it  back  into 
the  corresponding  electrical  cur¬ 
rents,  and  mix  it  with  other  audio 
currents  derived  from  a  new  micro¬ 
phone  pickup  or  other  sound  tracks. 
At  first  only  two  tracks  could  be 
mixed,  and  that  with  difficulty.  In 
time  it  became  possible  to  mix  any 
number  of  tracks  within  reason. 
The  ultimate  result  was  that  many 
scenes  were  shot  silent,  and  the 
necessary  sound  effects  were  dubbed 
in  during  the  editing  stages  of  the 
picture. 

While  the  wonder  of  synchroniz¬ 
ing  sound  and  picture  was  new,  no 
one  minded  a  certain  amount  of 
background  noise  generated  by  dirt 
in  the  track.  Soon,  however,  people 


Western  Electric  rerecording  machine,  free  from  flutter, 
stable  in  operation 
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Two  views  of  the  RCA  mixer  console.  Has  a  4  position  mixer 
with  individual  frequency  compensation.  A  neon  volume  indi¬ 
cator  provides  visual  warning  against  overloading 

The  close-up  of  the  mixer  console  showing  ease  of  access  for 
repair.  The  neon  bulbs  may  be  seen  on  the  underside  of  the 
hinged  panel 


is  the  only  feasible  place  for  adding 
reverberation  to  music;  the  theatre 
must  be  left  relatively  dead  for  the 
sake  of  dialogue  intelligibility. 


Playback  Techniqtie 


with  more  enthusiasm  than  skill, 
and  the  result  in  many  theaters  was 
an  over-bassing  of  the  product  which 
made  human  footfalls  sound  like  the 
tread  of  an  elephant.  This  was 
typical  of  the  lack  of  correlation  be¬ 
tween  reproducer  and  recorder  en¬ 
gineering.  Much  still  remains  to  be 
done  in  standardization  of  recording 
and  reproducing  characteristics. 

Music  Recording 

At  first  music  was  recorded  on  the 
same  stages  as  dialogue.  To  keep  dia¬ 
logue  reverberation  within  permis¬ 
sible  limits,  stages  had  been  lined 
with  large  quantities  of  rockwool  or 
other  absorbents,  so  that  a  stage,  say, 
400,000  cu.ft.  in  volume,  had  a  re¬ 
verberation  period,  at  512  cycles,  of 
only  about  0.75  second.  This  was  a 
suitable  value  for  dialogue,  but  music 
recorded  under  these  conditions 
lacked  brilliancy  and  loudness. 

In  the  last  two  years  music  stages 


have  been  subjected  to  a  process  of 
deabsorption.  Usually  one  end  of  the 
stage,  where  the  microphones  are  lo¬ 
cated,  is  left  dead,  while  the  other 
end,  where  the  musicians  sit,  con¬ 
tains  large  quantities  of  wood  or 
other  sound-reflecting  material. 
Sometimes  the  wood  is  fastened  to 
the  walls,  or  it  may  be  placed  around 
the  orchestra  in  the  form  of  large 
flats.  In  either  case  it  is  found  ad¬ 
visable  to  avoid  parallel  surfaces  by 
“splaying.”  Instead  of  forming  a 
plane  surface,  the  wood  is  set  at 
slight  angles.  An  equivalent  method 
is  to  harden  two  adjacent  walls  of  a 
stage,  and  set  up  the  orchestra  be¬ 
tween  them,  with  the  microphones  on 
a  diagonal.  Increasing  the  rever¬ 
beration  time  to  between  1.5  and  3.5 
seconds  by  these  methods  results  in 
re-inforcing  of  the  higher  notes  by 
reflection,  and  the  lower  tones  by 
resonance  in  the  panelling,  increas¬ 
ing  the  brightness  and  apparent  loud¬ 
ness  of  the  instruments.*  The  studio 


Over  three  years  ago  it  became  ap¬ 
parent  that  the  best  results  in  re¬ 
cording  certain  types  of  music  could 
be  secured  only  by  separating  pho¬ 
tography  and  sound  recording. 
Many  vocalists  emit  beautiful  tone? 
at  the  expense  of  facial  contortions 
which,  in  a  head  closeup,  would  in¬ 
spire  despair  or  derision  in  audi¬ 
ences.  The  remedy  is  not  to  photo¬ 
graph  them  while  they  are  singing, 
and  not  to  let  them  sing  while  they 
are  being  photographed.  In  the  play¬ 
back  or  pre-scoring  method,  one  first 
makes  a  voice  track,  with  or  without 
orchestral  accompaniment,  just  as 
it  would  be  done  in  a  phonograph 
recording  studio  (A).  This  track 
is  then  played  back  through  a  re¬ 
producer,  and  the  artist  pretends 
to  sing,  or  actually  sings  sotto  voce, 
taking  care  to  look  as  pleasant  as 
possible  w’hile  the  picture  is  taken 
(B).  Under  these  conditions,  the 
release  print  is  a  strictly  synthetic 
product — but  much  more  entertain¬ 
ing  than  if  it  had  been  made  in  a 
more  primitive  manner. 

The  first  playbacks  used  either  film 
or  wax  disc  recording.  A  more  re- 
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cent  development  employs  cellulose  or 
metal  discs,  obviating  the  delay  and 
expense  of  processing  from  film  or 
wax.’  Cellulose  acetate,  or  any  of  a 
variety  of  similar  disc  materials, 
affords  immediate  playback,  in  the 
studio  or  on  location,  at  a  very  mod¬ 
erate  cost.  The  technique  is  the  same 
as  in  broadcast  “air  checks.” 

The  same  method  is  used  in  judg¬ 
ing  orchestra  balance.  The  conductor 
rehearses  the  orchestra  and  listens 
immediately  to  the  playback  before 
making  a  take.  After  one  learns  to 
compensate  for  the  difference  in  fre¬ 
quency  characteristics,  it  is  possible 
to  get  a  surprisingly  accurate  idea 
of  how  the  take  will  sound  on  film, 
and  a  considerable  amount  of  costly 
guesswork  is  eliminated. 

When  a  number  of  tracks  are  com¬ 
bined  into  a  composite  sound  nega¬ 
tive  by  rerecording,  conflict  usually 
occurs.  The  music  director  often 


the  low'  side,  while  undistorted  am¬ 
plifier  output  capacity  in  theatres 
determines  it  on  the  high  side.  Be¬ 
fore  anti-ground  noise  methods  were 
introduced,  the  volume  range  on  film 
was  about  30  db.  A  symphony  orches¬ 
tra,  however,  has  a  volume  range  of 
about  70  db.  Ground  noise  reduction 
gave  an  additional  “lift”  of  about  10 
db,  so  that  the  effective  range  rose  to 
the  neighborhood  of  40  db.  Under 
these  conditions,  normal  dialogue 
level  is  set  at  about  10  db  below  100% 
modulation,  affording  a  10  db  rise  for 
loud  dialogue,  musical  crescendoes, 
noise  effects,  etc. 

Some  years  ago  Douglas  Shearer 
evolved  the  “squeeze  track”  method 
for  increasing  volume  range  with 
variable  density  recording.  For  aver¬ 
age  dialogue  he  utilized  only  half  the 
width  of  the  track,  masking  out  the 
other  half.  For  full  volume  range 
the  mask  was  withdrawn  and  the 


f  ig.  1 — Left— Music  stafce  uith  splayed 
!Setter  arrangement  shnuing  adjacent 

diagonal 


reflecting  surfaces  on  sides.  Right- 
walls  with  reflecting  material  and 
set-up 


complains  that  the  music  should  be 
louder,  while  the  sound  man  who  re¬ 
corded  the  dialogue  feels  otherwise. 
To  minimize  such  disputes,  William 
Mueller  has  devised  a  method  where¬ 
by  the  dialogue  automatically  de¬ 
presses  the  level  of  sound  effects  and 
music  to  the  extent  required  to  pre¬ 
serve  intelligibility.*  An  amplifier 
bridged  across  the  output  of  the 
dialogue  reproducer  feeds  a  rectifier, 
the  (1-c  output  of  which  varies  the 
gain  of  the  effects  or  music  amplifier 
by  altering  the  grid  bias  of  a  vari¬ 
able-mu  tube.  As  soon  as  the  dialogue 
stops,  the  music  or  sound  effects  are 
returned  to  a  higher  level  without 
noticeable  delay. 

^  olume  range  and  noise  suppres¬ 
sion  are  merely  different  phases  of 
the  same  subject,  since  the  ground 
noise  level  in  film  recording  deter¬ 
mines  the  permissible  signal  limit  on 


method  w’as 
used  in  the  re¬ 
cording  of  Co¬ 
lumbia’s  One 
Night  of  Love, 
a  picture  w’hich 
attracted  atten- 
t  i  o  n  through 
its  wide  volume 
range  on  Grace 
Moore’s  voice 
and  the  orches¬ 
tra  recording. 
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Fig.  2 — First  the  recording  of  the 
song  (in  a  studio  especially  pre¬ 
pared)  ;  then  the  recording  of  the 
action  to  the  accompaniment  of 
the  song  played  back;  and  then 
the  combination  of  the  two  into  a 
composite  film 


whole  track  utilized,  affording  a  6  db 
extension  of  volume  range.  How¬ 
ever,  as  halving  the  track  reduced 
the  surface  noise  only  3  db,  the  net 
gain  was  only  3  db. 

By  increasing  the  transmission  of 
a  variable  density  track  in  printing, 
it  is  possible  to  raise  the  volume  6 
db  before  serious  distortion  is  en¬ 
countered.  This 


Nathan  Levinson  has  recently  de¬ 
scribed  a  method  of  volume  range 
expansion  which  utilizes  the  combi¬ 
nation  of  variable  density  and  vari¬ 
able  width  recording.*  Variable 
density  recording  is  used  for  average 
volume  sequences,  as  for  conversa¬ 
tional  dialogue,  and  variable  width 
recording  for  high  volume  sequences. 
Since  an  unmodulated  variable  width 
track,  half  opaque  and  half  trans¬ 
parent,  has  a  transmission  of  50%, 
as  against  20%  for  unmodulated  vari¬ 
able  density  recording,  for  a  given 
percentage  of  modulation  the  vari¬ 
able  width  track 


Neaah've 
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Fig.  3  — RCA 
double  sound 
track 


reproduces  at  a 
level  about  8  db 
higher  than  the 
variable  density 
track.  By  com¬ 
bining  this  gain 
with  the 
“squeeze  track” 
method,  a  total 
extension  of  11 
db  in  volume 
range  is  avail- 
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able — if  the  theatre  reproducer  has 
adequate  output  capacity.  Thus 
the  volume  range  is  raised  to  about 
50  db. 

RCA  Photophone  has  developed  a 
push-pull  track  which  is  inherently 
noiseless,  in  that  the  only  transparent 
portions  of  the  track  are  those  car¬ 
rying  modulations.  This  track  has  a 
volume  range  of  55  db,  and  dispenses 
with  anti-ground  noise  equipment 
in  the  studios.  At  present  only  a  few 
theatres  are  equipped  for  push-pull 
reproduction.  At  present  it  is  neces¬ 
sary  to  rerecord  onto  standard  track 
for  release,  but,  even  so,  an  improve¬ 
ment  in  noise  reduction  and  quality 
is  realized. 

Improvements  in  Film  Motion 

Serious  distortion  is  also  caused 
by  even  small  speed  changes  in  re¬ 
cording  and  reproduction.  Such  speed 
changes  result  in  various  types  of 
spurious  frequency  modulation.  The 
frequency  of  the  signal  periodically 
swings  above  and  below  the  correct 
frequency,  resulting  in  the  genera¬ 
tion  of  unwanted  side-bands  of 
various  frequencies.  “Flutter”  is 
defined  as  the  distortion  caused  by 
frequency  modulation.  The  most 
common  forms  are  a  slow  drift, 
known  as  “wows,”  which  gives  a 
whining  character  to  musical  notes, 
and  a  higher  frequency  distortion  at 
96  cycles,  caused  by  the  sprocket 
holes  in  the  film  (four  sprockets  per 
frame,  multiplied  by  24  frames  per 
second).  The  latter  is  known  as 
sprocket-hole  modulation,  and  it  im¬ 
parts  a  wheezy,  raspy  quality  to 
certain  musical  notes,  somewhat 
similar  to  the  effect  of  non-linear  dis¬ 
tortion.  Recent  investigations  on 
flutter  distortion  have  reduced  the 
problem  to  a  quantitative  basis.  *•  • 

In  general,  drum-type  reproducers 
are  more  susceptible  to  low  fre¬ 
quency  variation,  while  gate-type  re¬ 
producers  give  more  trouble  with 
sprocket  frequency  modulation  and 
other  higher  pitched  irregularities. 
Often  both  types  occur  together.  The 
seriousness  of  the  resulting  distor¬ 
tion  depends  on  the  nature  of  the 
recorded  material,  the  reverberation 
in  the  space  where  reproduction  takes 
place,  and  subjective  factors  in  the 
listener.  Usually  speech  is  not  much 
affected,  but  certain  types  of  music 
may  be  terribly  distorted.  Moreover, 
the  effect  is  cumulative,  so  that  flut¬ 
ter  in  recording  is  added  to  the  flutter 


in  rerecording,  and  the  sum  of  these, 
photographed  on  the  film,  is  added  to 
the  flutter  in  reproduction. 

Quantitatively,  flutter  is  of  a  low 
order.  Thus,  in  a  reproducer,  a  flut¬ 
ter  of  0.1%  is  allowable  and  consid¬ 
ered  very  good,  0.4-0.5%  is  average 
in  present-day  theatre  installations, 
and  1.0%  or  worse  is  quite  common. 
Even  1^0  flutter  may  not  distort  dia¬ 
logue  seriously,  but  what  it  can  do 
to  a  coloratura  soprano  voice  is  be¬ 
yond  belief,  unless  one  has  heard  it. 
During  1935  this  difficulty  was  en¬ 
countered  with  the  voices  of  Jeanette 
MacDonald  in  MGM’s  Naughty  Mari¬ 
etta,  and  with  Lily  Pons,  to  an  even 
w'orse  degree,  in  RKO’s  I  Dream  Too 
Much.  Miss  Pons,  in  particular, 
emits  pure  tones,  almost  free  from 
harmonics,  which,  viewed  on  film, 
look  as  if  they  had  been  made  with 
an  oscillator. 

Theatre  Reproducers 

Improvements  in  recording  natu¬ 
rally  call  for  concommitant  improve¬ 
ments  in  reproduction.'  Shearer  and 
Hilliard  lay  down  the  following  speci¬ 
fications  for  a  modern  system: 

(1)  The  frequency  characteristic 
is  to  be  flat  within  2  db  between  50 
and  8000  cycles  over  the  entire  angle 
of  distribution  within  10  feet  of  the 
mouth  of  the  loud  speaker. 

(2)  To  avoid  excessive  amplifier 
sizes,  the  electro-acoustic  efficiency 
of  the  loud  speaker  is  to  be  nearly 
50%. 

(3)  A  volume  range  of  55-60  db 
is  required. 

(4)  The  amplified  capacity  is  to 
be  not  less  than  one  acoustic  watt 
per  1,000  sq.ft,  of  floor  area,  with 
the  auditorium  adjusted  to  optimum 
reverberation  time. 

(5)  Sound  head  flutter  is  not  to  be 
greater  than  0.1%. 

They  do  not  recommend  reproduc¬ 
tion  above  8,000  cycles  with  a  lower- 
cut-off  of  50  cycles.  To  cover  an  ade¬ 
quate  frequency  range,  three  sets  of 
loud  speakers  were  installed  in  many 
theatres:  low  frequency  cones  op¬ 
erating  up  to  about  300  cycles ;  middle 
range  horns  for  the  300-3,000  cycle 
band,  and  small  high  frequency  ex¬ 
ponential  horns  emitting  from  3,000 
cycles  up.  Dividing  networks  sepa¬ 
rated  the  frequency  ranges  in  the 
output  of  the  amplifier,  but  since 
these  networks  could  not  be  of  the 
sharp  cut-off  type,  some  overlapping 
was  exi)erienced. 


Shearer  has  reduced  the  horn 
types  to  two,  with  a  dividing  fre¬ 
quency  at  250  cycles.  The  dividing 
network  has  a  fairly  rapid  attenua¬ 
tion  (12  db  per  octave),  which  keeps 
the  low  frequency  energy  in  the  high 
frequency  units  below  an  allowable 
value. 

Trouble  has  been  experienced  in 
many  theatre  installations  by  reason 
of  the  few  high  frequency  exponen¬ 
tial  horns  radiating  in  a  narrow 
beam,  within  which  reproduction  was 
excessively  sharp,  and  outside  of  j 

which  reproduction  sounded  dull.  ’ 

This  caused  many  futile  arguments  i 
following  previews,  the  underlying 
difficulty  being  that  the  disputants  ! 
had  been  listening  to  different  kinds 
of  sound  in  various  parts  of  the  house. 
Harvey  Fletcher  of  the  Bell  Tele-  j 
phone  laboratories  devised  a  multiple  i 
exponential  horn  which  sprays  high 
frequency  sound  all  over  the  theatre. 

By  using  16  or  more  horns  stacked  in 
a  single  unit,  no  part  of  the  house 
is  left  without  its  quota  of  high  j 
frequency  sound.  The  Shearer  high  ^ 
frequency  horn  is  of  this  type.  It  is  i 
fed  through  a  Y-throat  by  two  dy-  i 
namic  driving  units,  so  that  in  the  j 
event  of  failure  of  one  unit,  the  high  i 
frequency  output  of  the  system  is  not  4 
entirely  interrupted. 

The  low  frequency  speaker  is  a 
large  folded  exponential  horn,  driven 
by  four  15-inch  cones  connected  in  j 
series  parallel,  thus  again  affording  ^ 
breakdown  protection.  The  high  fre-  | 
quency  horn  is  normally  mounted  on 
the  low  frequency  horn.  (See  page 
24,  March  Electronics.) 

With  current  improvements  in  ap¬ 
paratus  design,  and  the  training  of  j 
recording  personnel  in  showmanship, 
there  is  every  reason  to  expect  fur¬ 
ther  improvements  in  the  naturalness  j 
and  dramatic  effect  of  sound  with  j 
motion  pictures. 

'Basenal  and  Wood:  “Planning  for  Gi'CkI 
Acoustics.”  London,  1931. 

*G.  M.  Best:  "Improvements  In  Playback 
Disc  Recording."  Journal  of  the  SUPS, 
August,  1935. 

*W.  A.  Mueller :  "A  Device  for  Auto¬ 
matically  Controlling  the  Balance  Between 
Rerecording  Sounds."  Journal  of  the 
SMPE,  July,  1985. 

‘Nathan  Levinson:  “A  New  Method  of 
Increasing  the  Volume  Range  of  Talking 
Motion  Pictures.”  Journal  of  the  SMPE, 
February,  1936. 

*E.  D.  Cook:  "The  Technical  Aspects  of 
the  High-Fidelity  Reproducer.”  Journal  of 
the  SMPE,  October,  1935. 

*T.  E.  Shea,  W.  A.  MacNair  and  V. 
Subrizi :  "Flutter  In  Sound  Records.”  Jour¬ 
nal  of  the  SMPE,  November,  1985. 

Uohn  Hilliard :  "A  Study  of  Theatre  I.oud 
Speakers  and  the  Resultant  Develop^ment  of 
the  Shearer  Two-Way  Horn  System. 
Academy  Research  Council  Bulletin,  March. 
1936  ;  Electronics,  March,  1936. 
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The  tran»initting 
equipment  occupies 
14  trucks,  the  crew 
and  accessory  appa¬ 
ratus,  six 

Lower  left;  film  scan¬ 
ning  truck,  showing 
film  projector  and 
disc  scanner  in  fore¬ 
ground,  cathode-ray 
monitor  in  panel  at 
rear 

Below,  the  horizontal 
quarter-wave  di-pole 
antenna  which  radi¬ 
ates  seven  meter  sig¬ 
nals  from  the  trans¬ 
mitter  truck 


TELEVISION 
ON  WHEELS 


electronics  — iune  1936 


The  truck  (above) 
contains  fireproof 
safes  for  storing 
film,  a  reel  of 
which  is  under  re¬ 
pair  on  the  table 

Output  coaxial 
cables  of  the  s4^an- 
ning  truck,  which 
connect  the  televi¬ 
sion  pre-amplifier 
to  the  input  stages 
of  the  two  10-kw 
transmitters 


This  $900,000  television  cara¬ 
van  is  traveling  about  in  Ger¬ 
many,  finding  the  best  locations  v 
for  u-h-f  transmitters  and  giving 
demonstrations  to  local  audiences. 
Two  10-kw  transmitters  for  sight 
anti  one  for  sound,  requiring  a 
crew  of  thirty  men,  supply  180- 
line,  25-frame  pictures  from  talkie 
film,  prepared  by  the  office  of  the 
Minister  of  Propaganda  and  En¬ 
lightenment. 


i 
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fig.  1 — Fundamental  circuit  of  the  u-v  recording  meter 


An  Ultra-violet  Recording  Meter 


‘Fig.  2 — Relay  tube,  W’L-759.  In 
practice  it  is  coated  with  ceresin 
wax  containing  a  black  dye  to  im¬ 
prove  the  electrical  insulation  and 
prevent  light  from  striking  the 
electrodes.  The  trigger  electrode 
is  connected  to  the  top  cap.  Anode 
and  cathode  connections  are 
through  the  base  pins 


There  are  only  a  few  specific 
remedies  for  diseases  known 
today.  Sunlight  is  an  important  one 
of  these  because  of  its  vitamin-D 
producing  ability.  A  deficiency  of 
vitamin-D  in  the  diet  causes  rickets, 
a  nutritional  disease  that  deforms  so 
many  of  the  city-bred  children.  In 


By  L.  J.  WOLF 

.\'atioiial  Broadcasting  Coinf'aiix* 

some  industrial  centers  more  than 
half  of  the  children  suffer  from 
rickets.  *  Even  maternal  mortality 
can  be  traced  to  rickets  in  most 
cases;’  and  the  maternal  mortality 
rate  in  the  United  States  is  the 
highest  in  the  civilized  world. 

With  our  smoky  cities  and  our 
sedentary  habits  which  keep  us  in¬ 
doors,  an  artificial  supply  of 
vitamin-D  is  desirable  for  adults 
and  necessary  for  growing  children. 
This  may  be  either  in  the  form  of 
medicines  prescribed  by  physicians 
(cod-liver  oil,  egosterol,  etc.)  or  ex¬ 
posure  to  ultra-volet  light ;  or  through 
a  mass  -  preventitive  of  rickets 
such  as  a  universal  food  to  which 
vitamin-D  can  be  artificially  added. 
As  such,  irradiated  milk  is  therefore 
finding  an  ever  increasing  sale;  in 
many  cities  a  large  part  of  the  milk 
sold  is  artificially  supplied  with 
vitamin-D.  In  addition,  irradiated 
milk  is  thought  to  be  the  cheapest 
method  of  providing  antirachitic 
food. 

The  formation  of  vitamin-D  is 
probably  a  photo-chemical  reaction. 
In  other  words,  the  reactions  are 
brought  about  by  the  absorbed 
radiant  energy.  Evidence  shows 
that  vitamin-D  is  evinced  in  some 
substances  such  as  milk  by  exposure 
to  light  of  the  required  intensity 
having  a  wavelength  range  from 
2,700  to  3,200  angstroms,  while  some 
evidence  shows  that  wavelengths 


Fig.  3 — Tungsten  cathode  photo¬ 
tube.  Light  having  a  wavelength 
longer  than  lower  cut-off  of  the 
tube  enters  through  the  drawn-in 
window  shaped  to  improve  the 
transmission  quality.  Shorter  wave¬ 
length  radiation  causes  the  half- 
cylindrical  cathode  to  emit  elec¬ 
trons  collected  bv  the  anode  rod 


less  than  2,700  angstroms  tend  to 
destroy  it.  , 

A  liquid  which  can  contain  vita¬ 
min-D  is  readily  irradiated  when 
passed  over  a  vertical  plane  surface 
in  a  thin  film  in  frdnt  of  an  artificial 
source  of  ultra-violet  light.  Open 
arc  lamps  using  carbons  especially 
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designed  for  ultra-violet  intensity, 
and  enclosed  mercury  arcs  of  various 
types  are  used  for  this  purpose.  The 
artificial  methods  of  irradiation  to 
produce  ultra-violet  light  have  the 
advantage  over  natural  methods  of 
sources  in  that  the  dosage  can  be 
accurately  determined  and  measured. 
Heretofore,  however,  this  measuring 
method  had  been  laborious  and  slow 
because  biological  results  have  been 
used  almost  exclusively.  Any  of  the 
usual  methods  of  measuring  light 
strength  such  as  ordinary  photocells, 
photometers,  etc.,  on  the  light  source 
are  of  little  value  in  measuring  vita- 
min-D  for  commercial  production. 
The  biological  assay  method  entailed 
the  maintenance  of  a  group  of 
white  rats  for  test  purposes.  A  test 
group  of  animals  would  be  fed 
.samples  of  the  irradiated  substance, 
for  a  given  period,  after  which  time 
inspection  of  the  bones  at  dissection 
would  indicate  the  efficiency  of  the 
irradiation  process.  In  the  mean¬ 
time,  of  course,  the  irradiated  prod¬ 
uct  had  been  passed  on  to  consumers. 

.A  need  has  existed  therefore  for  a 
meter  which  is  rugged  enough  to  be 
ai)plicable  to  commercial  practice  and 
at  the  same  time  sensitive  enough 
to  record  the  intensity  of  very  small 
.sections  of  the  ultra-violet  spectrum. 

Meters  have  been  made*  for  labora¬ 
tory  use,  but  these  have  not  Wen 
specifically  constructed  to  give  per¬ 
manent  records  and  to  stand  the 
rigors  of  commercial  operation  in 
humid  atmospheres  and  by  personnel 
unskilled  in  the  operation  of  such 
devices. 

Recording  meters  are  available 
which  utilize  some  form  of  cell 
which  transforms  light  into  elec¬ 
trical  energy.  Such  cells,  however, 
respond  to  light  of  almost  any  wave¬ 


length  and  thus  require  filters  to  from  different  metals.  The  various 
narrow  the  response  band.  Filters  materials  for  making  envelops  pass 
which  would  narrow  the  response  the  longer  waves  but  cut  off  at  or 
band  the  desired  amount  would  make  near  the  ultra-violet  region.  Certain 
the  cell  too  insensitive  to  be  of  prac-  metals  can  be  chosen,  the  photo- 
tical  use.  electric  emission  of  which  is  in- 

A  type  of  meter  is  now  in  use’  appreciable  in  the  longer  waves  and 
w’hich  has  recently  been  developed  approaches  a  maximum  at  or  near 
by  Westinghouse  to  give  continuous  the  ultra-violet  region.  Therefore, 
direct  indications  of  the  ultra-violet  by  a  proper  choice  of  envelop  ma- 
intensity  in  any  band  of  wave-  terial  and  emissive  material,  a  photo¬ 
lengths.  This  meter  is  applicable  to  cell  will  result  which  passes  only  a 
commercial  installations.  The  meter  predetermined  wave  band.  Since 
consists  essentially  of  a  photocell  the  band  of  wavelengths  passed  by 
which  is  sensitive  in  the  desired  the  photocell  is  limited  by  inherent 
range,  and  a  recording  mechanism  properties  of  the  materials  used, 
operating  without  any  sort  of  there  is  no  chance  for  aging  effects 
amplifier.  or  differences  in  manufacture  to 

change  the  band.  Different  cells  may 
The  photocell  show  different  orders  of  sensitivity 

but  the  shapes  of  the  sensitivity 
In  order  to  build  a  photocell  sensi-  curves  are  unchanging, 
tive  only  in  the  ultra-violet  regions* 

advantage  is  taken  of  the  variations  Trigger  Tube  and  Recorder  Circuit 
in  absorbtion  of  the  glass  envelop. 

and  of  the  variation  with  wave-  In  order  to  utilize  the  extremely 
length  in  photo-electric  emission  minute  photo-electric  currents  with- 


f'ig.  4  —  The  recorder. 
This  unit  conluins  both 
chart  mechanism  and 
power  supply.  The  Ufiht 
intensity  for  the  first 
fmrt  of  the  chart  shoivn 
(outer  spirals)  was  such 
that  approximately  4 
marks  per  minute  were 
registered.  Later  the  in- 
tensity  uxts  doubled  pro¬ 
ducing  8  marks 


Tungsten  photocell 
.  fypeWL-V4  , 
(in  Corex- D  glass  j 
I  thin  window  J 
\  envelope)  / ; 


Titanium  photocell  \ 
tvpe^-T6T  \\ 
On  Corex- D  envelope'  ' 
and  Corex -D  aperture) 


Fig.  5 — Admission  characteristics  of 
phototubes  as  a  function  of  surface 
and  window 
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Fig.  1 — Fundamental  circuit  of  the  u-v  recording  meter 


An  Ultra-violet  Recording  Meter 


By  L.  J.  WOLF 

Witioiial  Broadcasting  Comf'any* 


some  industrial  centers  more  than 
half  of  the  children  suffer  from 
rickets.  '■  *  Even  maternal  mortality 
can  be  traced  to  rickets  in  most 
cases;’  and  the  maternal  mortality 
rate  in  the  United  States  is  the 
highest  in  the  civilized  world. 

With  our  smoky  cities  and  our 
sedentary  habits  which  keep  us  in¬ 
doors,  an  artificial  supply  of 
vitamin-D  is  desirable  for  adults 
and  necessary  for  growing  children. 

This  may  be  either  in  the  form  of 
medicines  prescribed  by  physicians 
(cod-liver  oil,  egosterol,  etc.)  or  ex¬ 
posure  to  ultra-volet  light ;  or  through 
a  mass  -  preventitive  of  rickets 
such  as  a  universal  food  to  w'hich 
vitamin-D  can  be  artificially  added. 

As  such,  irradiated  milk  is  therefore 
finding  an  ever  increasing  sale;  in 
many  cities  a  large  part  of  the  milk 
sold  is  artificially  supplied  with 
vitamin-D.  In  addition,  irradiated 
milk  is  thought  to  be  the  cheapest 
method  of  providing  antirachitic 
food. 

The  formation  of  vitamin-D  is 
probably  a  photo-chemical  reaction. 

In  other  words,  the  reactions  are 
brought  about  by  the  absorbed  less  than  2,700  angstroms  tend  to 
radiant  energy.  Evidence  shows  destroy  it.  , 

that  vitamin-D  is  evinced  in  some  A  liquid  which  can  contain  vita- 

substances  such  as  milk  by  exposure  min-D  is  readily  irradiated  when 

to  light  of  the  required  intensity  passed  over  a  vertical  plane  surface 
having  a  wavelength  range  from  in  a  thin  film  in  frfint  of  an  artificial 
2,700  to  3,200  angstroms,  while  some  source  of  ultra-violet  light.  Open 

evidence  shows  that  wavelengths  arc  lamps  using  carbons  especially 


Fig.  2 — Relay  tube,  WL'759.  In 
practice  it  is  coated  with  ceresin 
wax  containing  a  black  dye  to  im¬ 
prove  the  electrical  insulation  and 
prevent  light  from  striking  the 
electrodes.  The  trigger  electrode 
is  connected  to  the  top  cap.  Anode 
and  cathode  connections  are 
through  the  base  pins 


Fig.  3 — Tungsten  cathode  photo¬ 
tube.  Light  having  a  wavelength 
longer  than  lower  cut-off  of  the 
tube  enters  through  the  drawn-in 
window  shaped  to  improve  the 
transmission  quality.  Shorter  wave¬ 
length  radiation  causes  the  half- 
cylindrical  cathode  to  emit  elec¬ 
trons  collected  by  the  anode  rod 


There  are  only  a  few  specific 
remedies  for  diseases  known 
today.  Sunlight  is  an  important  one 
of  these  because  of  its  vitamin-D 
producing  ability.  A  deficiency  of 
vitamin-D  in  the  diet  causes  rickets, 
a  nutritional  disease  that  deforms  so 
many  of  the  city-bred  children.  In 
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designed  for  ultra-violet  intensity,  length  and  thus  require  filters  to 
and  enclosed  mercury  arcs  of  various  narrow  the  response  band.  Filters 
types  are  used  for  this  purpose.  The  which  would  narrow  the  response 
artificial  methods  of  irradiation  to  band  the  desired  amount  would  make 
jtroduce  ultra-violet  light  have  the  the  cell  too  insensitive  to  be  of  prac- 
advantage  over  natural  methods  of  tical  use. 

sources  in  that  the  dosage  can  be  A  type  of  meter  is  now  in  use’ 
accurately  determined  and  measured,  which  has  recently  been  develojjed 
Heretofore,  however,  this  measuring  by  Westinghouse  to  give  continuous 
method  had  been  laborious  and  slow  direct  indications  of  the  ultra-violet 
because  biological  results  have  been  intensity  in  any  band  of  wave- 
used  almost  exclusively.  Any  of  the  lengths.  This  meter  is  applicable  to 
usual  methods  of  measuring  light  commercial  installations.  The  meter 
strength  such  as  ordinary  photocells,  consists  essentially  of  a  photocell 
photometers,  etc.,  on  the  light  source  which  is  sensitive  in  the  desired 
are  of  little  value  in  measuring  vita- 
min-D  for  commercial  production. 

The  biological  assay  method  entailed 
the  maintenance  of  a  group  of 
white  rats  for  test  purposes.  A  test 
group  of  animals  would  be  fed 
samples  of  the  irradiated  substance, 
for  a  given  period,  after  which  time 
inspection  of  the  bones  at  dissection 
would  indicate  the  efficiency  of  the 
irradiation  process.  In  the  mean¬ 
time,  of  course,  the  irradiated  prod¬ 
uct  had  been  passed  on  to  consumers. 

need  has  existed  therefore  for  a 
meter  which  is  rugged  enough  to  be 
applicable  to  commercial  practice  and 
at  the  same  time  sensitive  enough 
to  record  the  intensity  of  very  small 
.sections  of  the  ultra-violet  spectrum. 

Meters  have  been  made*  for  labora¬ 
tory  use,  but  these  have  not  l)een 
specifically  constructed  to  give  per¬ 
manent  records  and  to  stand  the 
rigors  of  commercial  operation  in 
humid  atmospheres  and  by  personnel 
unskilled  in  the  operation  of  such 
devices. 

Recording  meters  are  available 
which  utilize  .some  form  of  cell 
which  transforms  light  into  elec¬ 
trical  energy.  Such  cells,  however, 
respond  to  light  of  almost  any  wave- 


fig.  4  —  The  recorder. 
This  unit  contains  both 
chart  mechanism  and 
potcer  supply.  The  light 
intensity  for  the  first 
/Hirt  of  the  chart  shown 
i  tatter  spirals)  was  such 
that  approximately  4 
marks  per  minute  were 
registered.  Later  the  in- 
tensity  ictis  doubled  pro¬ 
ducing  8  marks 
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.  Typem-llA 
ynCo^-Dg/ass 
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'  Titanium  photocell  \ 
tvpeWl-767  \\ 
(in  Cores- D  envetcpi^  ' 
and  Corex-D  aperture) 


'  Thorium  photoce! l\ 
type  WL-775  ' 

(m  Corex-D  envelope 
and  window  glass 
I  aperture) 


Fig.  5 — Admission  characteristics  of 
phototubes  as  a  function  of  surface 
and  window 
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out  resort  to  d-c  amplifiers  with  the 
attendant  necessity  for  calibration 
and  frequent  rechecking,  a  relay  tube 
is  used.  This  consists  of  a  vacuum 
tube  containing  three  solid  electrodes 
spaced  a  few  millimeters  apart  in  an 
atmosphere  of  inert  gas.  The  three 
electrodes  act  as  anode,  cathode,  and 
trigger  electrode  resi)ectively.  The 
•current  from  the  photocell  charges 
the  condenser  C,  at  a  rate  propor¬ 
tionate  to  the  intensity  of  the  ultra¬ 
violet  light  striking  the  cell.  The 
voltage  across  the  condenser,  there¬ 
fore,  rises  to  a  value  which  is  the 
breakdown  voltage  of  the  elements 
T  and  K  of  the  relay  tube.  When  the 
breakdown  occurs,  the  arc  strikes  to 
the  anode  through  which  a  consider¬ 
able  amount  of  power  can  be 
handled.  When  the  condensers  C, 
and  C,  are  discharged  the  arcs  must 
stop,  hence  the  cycle  of  operation  can 
repeat.  In  this  manner  the  relay 
tube  enables  the  feeble  photocell  cur¬ 
rent  to  control  enough  energy  to 
actuate  a  recorder  mechanism. 

The  recorder  consists  of  a  pen 
movement  M  with  a  pen  bearing  on 
a  chart.  The  position  of  the  pen  is 
determined  by  a  cam.  A  synchronous 
motor  SM  revolves  the  chart  and  also 
turns  the  cam  at  a  rate  slower  than 
that  of  the  chart.  A  spiral  line  is, 
therefore,  drawn  on  the  chart  as  it 
revolves. 

When  anode  current  flows  through 
the  relay  tube  due  to  action  of  the 
photocell,  the  condenser  C,  dis¬ 
charges  through  the  pen  magnet  coil. 
Hence  a  deflection  of  the  pen  will 
occur.  This  deflection  acts  for  only 
an  instant  because  C,  discharges 
rapidly. 

The  direct  current  source  is  a 
conventional  rectifier  or  can  be  a 
battery.  Very  little  current  is  re¬ 
quired  as  the  charging  current  for 
C,  is  of  the  order  of  two  or  three 
milliamperes  intermittently  and  the 
photocell  current  is  very  much  less 
than  this. 

The  sensitivity  of  the  meter  is 
dependent  on  the  time  required  by 
the  current  fiowing  through  the 
photocell  to  charge  the  condenser. 
The  frequency  with  which  the  deflec¬ 
tions  of  the  pen  occur  is,  therefore, 
proportional  to  the  capacity  of  the 
condenser  C,.  Thus  calibration  of 
the  meter  is  readily  altered  as  de¬ 
sired  by  changing  C,.  The  constancy 
of  calibration  is  dependent  on  the 
pertinent  properties  of  the  photo¬ 


cell,  the  condenser  and  the  relay 
tube.  The  photocell  is  not  subject 
to  aging  defects  since  it  operates 
with  a  high  vacuum  and  no  internal 
deterioration  takes  place.  The  con- 
denseis  used  are  of  the  moulded 
mica  type  and  are  selected  and 
treated  for  low  leakage  conductivity. 
The  relay  tube,  although  operating 
with  a  gaseous  atmosphere,  passes 
currents  of  a  low  order  of  magnitude 
only,  so  no  bad  effects  occur  such  as 
those  due  to  clean-up.  Experience 
with  these  relay  tubes  over  a  period 
of  several  years  fails  to  show  any 
change  in  calibration  of  a  tube 
properly  seasoned. 

When  used  to  measure  milk 
irradiation,  the  ultra-violet  meter  is 
so  mounted  that  the  photocell  is 
about  24  inches  from  the  arc  lamp, 
with  the  photocell  pointing  directly 
at  the  arc,  and  in  the  horizontal 
plane  of  the  arc.  The  photocell  unit 
is  positioned  so  that  it  intercepts 
some  of  the  light  passing  to  the  milk 
and  consequently  will  measure  the 
actual  irradiation,  as  the  flow  condi¬ 
tions  are  kept  constant. 

The  lecorder  unit  is  mounted  at 
any  distance  from  the  photocell, 
since  the  lead  wires  have  nothing  to 
do  with  calibration.  The  charts  are 
kept  as  a  record  and  are  available 
to  the  government  milk  inspection 
services  in  the  same  manner  that 
recording  thermometer  charts  are 
available  as  records  of  pasteuriza¬ 
tion. 

Calibration 

The  unit  of  ultra  violet  radiation 
has  not  yet  been  standardized  and 
no  constant  and  predictable  source  of 
radiation  has  been  developed;  hence 
the  calibration  of  an  ultra-violet 
meter  must  be  empirical  and  depend 
on  results  already  known.  The  ulti¬ 
mate  unit  of  radiation  is  the 
quantum,  therefore  the  calibration 
could  be  in  terms  of  quanta  per 
second  per  unit  of  area.  Since  the 
quantum  is  so  small  the  erg  (1,325 
X  10'  quanta)  is  a  more  convenient 
term.  Inasmuch  as  one  microwatt 
is  equivalent  to  10  ergs  per  second 
the  watt  would  also  be  convenient  to 
use. 

When  either  of  the  units  men¬ 
tioned  above  (ergs/sec./sq.cm.  or 
microwatts/sq.cm.)  is  used,  the 
meter  becomes  a  primary  standard 
because  the  readings  refer  back  to 


the  fundamental  unit,  the  quantum. 
When  the  meter  is  checked  back  only 
against  biological  assays  it  becomes, 
in  effect,  a  secondary  standard. 

In  practice  we  are  le.ss  interested 
in  the  absolute  calibration  than  in 
an  arbitrary  unit  suited  to  the  par¬ 
ticular  need.  For  instance,  the  light 
from  incandescent  lamps  is  generally 
measured  in  lumens  rather  than 
quanta;  .so  the  calibration  of  the 
ultra-violet  meter  is  expressed  in 
vitamin-D  potency  units  for  con¬ 
venience. 

(iftieral  I’t ilization 

Although  the.se  meters  have  been 
principally  used  in  the  commercial 
irradiation  of  fluid  milk  other  u.ses 
have  been  suggested  and  placed  in 
practice. 

In  the  perfection  of  methods  for 
irradiating  milk  the  maintenance  of 
proper  and  uniform  thickne.ss  of  the 
flowing  film  is  neces.sary.  It  has  been 
determined  that  the  ultra-violet 
recording  meter,  appropriately  cali¬ 
brated,  is  very  sensitive  in  detecting 
variations  in  thickne.ss  of  the  milk 
film.* 

In  the  study  of  the  aging  of 
mercury  arc  lamps,  data  on  the  varia¬ 
tion  with  age  of  the  output  in 
various  parts  of  the  spectrum  i.s 
easily  obtained. 

Studies  of  the  variation  of  the 
ultra-violet  region  in  the  solar 
spectrum  are  being  made  in  the 
tropics  as  an  aid  in  medical  research. 
An  ultra-violet  meter  is  equipped 
with  a  photocell  .sensitive  in  a  de¬ 
sired  range  and  kept  pointed  at  the 
sun  from  forenoon  until  afternoon. 


•This  paptT  was  prepart'd  by  Mr.  WnK 
while  at  the  WestinKhoiise  X-Uay  Corpoiu- 
tion. 
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Practical  Volume  Compression 


Details  of  an  automatic  volume  compressor,  designed  for  use  in  broadcast  stations, 
which  eliminates  many  of  the  troubles  of  previous  designs  and  which  has  stood  the  test  of 
actual  use  at  WSFA  for  several  months 


PROBLEMS  arising  from  the  ne¬ 
cessity  of  maintaining  the  audio 
voltages  applied  to  the  modulating 
units  of  broadcast  transmitters 
within  specified  limits  are  as  old  as 
broadcasting  itself.  Below  a  given 
level  the  inherent  noises  of  the  sys¬ 
tem  make  high  quality  transmission 
impossible.  Above  a  definite  limit  the 
transmitting  units  are  overloaded. 
Improvements  in  equipment  design, 
such  as  better  tubes  and  more  effec¬ 
tive  filtering  in  power  supplies,  have 
made  possible  a  widening  of  the  al¬ 
lowable  volume  range  by  extending 
the  lower  limit.  Extending  the 
upper  limit  does  not,  at  present, 
seem  likely.  A  volume  range  of  60 
decibels  can  be  accommodated  in  to¬ 
day’s  highest  quality  broadca.sting 
systems.  That  this  is  inadequate  is 
indicated  by  the  fact  that  volume 
ranges  of  some  75  decibels  must,  at 
times,  be  accommodated.  Also,  the 
possible  volume  range  of  the  average 
equipment  in  use  today  is  50  decibels, 
or  less,  rather  than  60  decibels.  The 
necessity  for  compressing  extreme 
volume  ranges  to  within  the  limits  of 
the  system  is  thus  apparent. 

This  compression  is  usually  accom¬ 
plished  manually  and  it  is  undoubt¬ 
edly  true  that  no  substitute  will  be 
found  for  monitoring  by  an  operator 
who  has  sufficient  information  at 
hand  to  enable  him  to  anticipate 
volume  peaks.  The  usual  situation, 
however,  is  one  wherein  the  operator 
cannot  anticipate  volume  changes  ac¬ 
curately  and  is  usually  forced  to  ad¬ 
just  the  volume  level  after  the  first 
peak  has  passed.  This  often  leads 
to  erratic  monitoring  especially  when 
a  comparatively  low  volume  level  im¬ 
mediately  follows  a  peak  It  has  been 
found  much  better  in  such  situations 
to  compress  the  volume  range  auto¬ 
matically.  Not  only  is  the  monitor¬ 
ing  smoother,  but  the  action  is 
faster;  that  is,  the  reduction  in  gain 
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Broadcast  Consultant 
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commences  immediately  that  the 
peak  is  encountered.  Our  purpose 
here  is  to  describe  such  a  unit  that 
has  been  in  use  for  several  months 
and  that  has  been  tested  under  the 
most  rigorous  operating  conditions. 
It  introduces  no  distortion  and  has 
been  found  to  provide  a  much 
smoother  type  of  monitoring  than  is 
possible  manually. 

The  characteristic  operation  of 
this  unit  is  illustrated  in  Fig.  1.  The 
linear  relation  between  power  input 
and  output  for  a  normal  amplifier  is 
illustrated  by  AO.  That  is,  a  volume 
input  range  OP  produces  a  volume 
output  range  PA.  Let  us  assume, 
however,  that  we  cannot  accommo¬ 
date  a  volume  range  greater  than 
PB.  The  compressor  unit  is  adjusted 
to  compress  the  natural  range  PA 
into  the  limit  PB  in  the  manner 
shown  by  the  characteristic  curve 
OB.  It  will  be  observed  that  there  is 
a  tapering  off  in  rate  of  volume  in¬ 
crease  until  the  upper  limit  is 
reached  where  it  remains  constant. 
The  unit  has  been  designed  to  hold 
the  volume  con.stant  over  an  addi¬ 
tional  increase  in  input  of  approxi- 


A 


mately  30  decibels  without  affecting 
the  quality  of  the  transmitted  ma¬ 
terial. 

In  addition  to  its  function  in  limit¬ 
ing  the  volume  output  range  it  will 
be  observed  that  the  characteristic 
shape  of  the  compressed  output 
versus  input  curve  is  such  that  the 
average  voltage  output  can  be  in¬ 
creased  without  exceeding  the  per¬ 
missible  upper  limit.  Hence,  the 
compressor  can  be  used  to  increase 
the  average  percentage  modulation 
of  the  transmitter  output.  By  prop¬ 
erly  adjusting  the  point  on  the  char¬ 
acteristic  OB  around  which  the 
average  volume  variation  takes  place 
this  increase  in  average  percentage 
modulation  is  accomplished  without 
any  appreciable  effect  on  the  normal 
artistic  expression. 

How  Compression  is  Obtained 
To  understand  more  fully  the  op¬ 
eration  of  the  compressor  let  us  first 
consider  a  normal  amplifier  produc¬ 
ing  a  linear  relation  between  input 
and  output  voltage  amplitudes,  as 
illustrated  by  OA  in  Fig.  1.  Assume 
the  wave  form  of  the  input  voltage 
to  be  given  by  the  semi-periodic 
function  y  —  Ef(t).  The  purpose  of 
the  amplifier  is,  then,  to  change  the 


Fig.  1  (Left)  Comparison  of  linear  and  non-linear  power  characteristics,  showing 
the  compressing  action  of  the  latter.  Fig.  2  (Right)  Fundamental  volume 

control  circuit 
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amplitude  of  the  function  without 
altering  its  basic  form.  That  is,  the 
amplifier  output  wave  form  may  be 
represented  as  yo  =  AEf(t).  It  is 
the  multiplying  constant  A,  or  am¬ 
plification,  that  is  altered  when  the 
gain  of  the  amplifier  is  raised  or 
lowered.  Present  broadcast  practice 
is  to  alter  A  manually  as  required. 
Any  device  controlling  A  automati¬ 
cally  must,  of  necessity  depend  on 
Ef(t).  For  example,  if  the  device 
is  designed  to  reduce  A  automatically 
when  the  peak  voltage  exceeds  a 
given  value  the  time  at  which  the 
device  begins  operating  is  deter¬ 
mined  by  Ef(t).  The  speed  of  oper¬ 
ation  of  the  control  must  be  slow’  as 
compared  with  the  period  of  Ef(t), 
as  otherwise  the  controlling  device 
may  alter  Ef(t)  to  an  appreciable 
degree.  The  effect  of  the  controlling 
device  on  A  must  also  be  determined 
by  Ef(t).  Thus,  it  is  clear  that  any 
device  for  automatically  controlling 
the  gain  or  amplification  of  an  audio¬ 
frequency  amplifier  must  depend  on 
Ef(t)  for  its  operation.  At  the  same 
time,  the  device  must  affect  only  A 
and  not  Ef(t). 

The  compressor  to  be  described 
here  satisfies  the  above  requirements. 
The  principle  of  operation  may  be 
understood  by  referring  first  to  Fig. 
2.  It  is  seen  that, 

€o/eg  =  (r,  -f  r,)/r,  =  1  +  r/r,. 

In  manually  operated  volume  con¬ 
trols,  similarly  connected,  it  is  cus¬ 
tomary  to  keep  r,  -j-  r,  constant  and 
vary  eo/Cg  by  varying  r./r,.  The 
same  result  may  be  accomplished  by 
holding  r,  constant  and  varying  r, 
without  regard  to  r,  -f-  r,.  This  is 
accomplished  by  substituting  for  r, 
the  plate  or  output  circuit  of  a  vac¬ 
uum  tube.  The  value  of  is  then 
controlled  by  the  voltage  applied  to 
the  control  grid  of  ttie  tube  whose 
plate  circuit  is  connected  at  r,.  This 
d-c  grid  voltage  is  supplied  by  a 
rectifier  and  suitable  filter.  The  rec¬ 
tifier  input  is  determined  by  the 
voltage  Bo. 

A  simplified  schematic  diagram  of 
the  complete  unit  is  shown  in  Fig.  3. 
It  consists  essentially  of  two  con¬ 
trolled  stages.  The  two  triode  sec¬ 
tions  of  y,  are  used  to  control  the 
amplification  of  the  two  stages.  The 
type  53  tube  was  found  to  be  espe¬ 
cially  suited  for  use  at  V,,  since  it 
could  be  used  with  zero  fixed  grid 
bias.  Its  high  amplification  factor  is 
also  advantageous.  The  tube,  in  this 
position,  is  somewhat  microphonic. 


FIG.  3.  t;i»MI»LETE  CIREIIT  I)IA<;RAM  OF  COMFRESSOR 


Ti — 500  to  750  ohm  input  C:,  C, — 8  tti  (electrolytic)  R, — 3,500 
transf. 


Tj — Plate  -  to  -  grid  transf..  Cm,  C,j — 6  txl  (paper) 
with  plate  side  across  Rc  Cu — 3  fii  (paper) 

Tj — Plate  to  500  ohm  output  C:, — 0.1  fif  (paper) 

T, — Plate  to  grid  transf.  S — S  D.p.d.t.  switch. 

Li,  Lz — 100  henry,  15  ma.  Vi,  Vz — type  57 

Ls,  L« — 400  henry,  2  ma.  Vs — type  53 


Ls — 10  henry,  2  ma. 

C„  C.S— 0.25  ^f  350  V. 
(paper) 

Cj,  Cs — 0.1  /if  (paper) 


V. — type  56 
Ri— 750;  R,— 10,000 


Rz,  R— 50,000 


Cl,  C« — 12  Mf  (electrolytic),  R^ — 500,000 


C»,  Cu — 1.0  ni  (paper) 


R.— 500,000  pot. 


Rv— 2,000 


R.O— 50,000 
R.-,— 250,000 
K„_50,000 
R,i — 1.0  meg. 
R.r-25,000  pot. 
R. ,—400,000 


Ri« — 750,000  rheo. 
R,:— 750,000 


R,k— 100,000 
voltage  div. 


The  “control  voltage  amplifier”  is  any  amplifier  of  sufficient  gain,  say  two 
stages,  a  67  pentode  followed  by  a  57  connected  as  a  triode. 


however,  and  it  has  been  found  de¬ 
sirable  to  mount  it  on  sponge  rubber. 

No  Distortion  Introduced 

It  will  be  observed  that  there  is 
nothing  in  this  arrangement  that 
will  in  any  way  affect  the  quality  or 
linearity  of  the  system,  at  a  given 
setting,  so  long  as  the  plate  circuits 
of  the  two  triodes  of  V,  act  as  pure 
resistances.  This  requirement  is 
realized  by  keeping  the  signal  a-c 
voltage  developed  across  the  plate 
circuit  of  both  sections  of  F,  small. 
That  is,  the  operating  region  is 
maintained  within  the  linear  portion 
of  the  plate  voltage — plate  current 
characteristic  curve. 

To  this  end,  as  will  be  noted,  the 
signal  voltage  applied  to  the  control 
grid  of  y,  is  developed  across  a  750- 
ohm  resistor,  R^.  At  the  peak  level 
of  — 10  db.,  at  which  the  unit  nor¬ 
mally  operates,  the  peak  grid  voltage 
is  on  the  order  of  1.2  volts.  Assum¬ 
ing,  as  a  rather  extreme  case,  a 
volume  increase  of  30  db.  above  the 
normal  peak  value  the  peak  voltage 
developed  across  will  be  38  volts, 
36.8  volts  of  which  will,  in  effect,  be 
developed  across  the  plate  resistance 


of  the  two  sections  of  F,.  This  ex¬ 
cess  power  will  be  dissipated  in  the 
plate  resistance  of  the  two  triode 
sections  of  F,.  It  will  be  observed 
that  even  in  this  extreme  case  the 
voltage  developed  across  the  plate 
circuits  is  a  rather  small  percentage 
of  the  applied  300  volts  fi.xed  plate 
potential.  It  has  been  found  that  the 
distortion  is  negligible  at  signal 
power  increases  of  this  order.  The 
transformer  T,  is  connected  so  that 
the  plate  resistor,  250.V  ohm.s  in 
parallel  to  the  high  imi)edance  i)en- 
tode  plate  circuit  of  F„  is  matched  to 
the  lOA/  ohm  load  resistor,  R^,  across 
which  the  voltage  applied  to  the  con¬ 
trol  grid  of  F,  is  developed.  This  is 
a  step-down  ratio  of  approxiatcly  5 
to  1,  which  insures  against  develop¬ 
ing  of  voltages  of  sufficient  ampli¬ 
tude  to  cause  distortion  in  the  second 
section.  From  this  it  is  clear  that 
very  little  amplification  is  obtained 
with  the  unit.  The  primary  purpose 
of  the  control,  however,  is  to  main¬ 
tain  the  peak  volume  below  a  given 
value.  Amplification  is  not  nece^sarj' 
and  often  not  desirable. 

It  should  be  noted  that  a  control 
of  this  type,  using  series  controlling 


Juno  J 936  — ELECTRONICS 


I 


3  in 


itrol 

lling 

ICS 


elements,  is  inherently  free  of  distor¬ 
tion  over  wide  volume  ranges.  That 
is,  there  is  nothing  introduced 
through  the  controlling  element 
proper  to  produce  distortion.  Con¬ 
trolling  units  heretofore  described 
have  depended  for  their  effectiveness 
on  either  the  shunting  action  of  the 
variable  element,  or  the  variation  of 
potential  of  one  of  the  grids  of  a 
multi-electrode  tube.  In  either  case 
the  range  of  control  possible,  before 
objectionable  distortion  sets  in,  is 
usually  insufficient.  With  the  shunt¬ 
ing  control  element  this  distortion 
becomes  objectionable  when  the  fre¬ 
quency  characteristic  of  the  trans¬ 
former  across  which  the  shunting 
element  operates  is  upset  because  of 
excessive  impedance  mismatch.  The 
limitation  of  devices  utilizing  a  va¬ 
riation  of  grid-potential  is  obvious. 
During  intervals  of  high  input-volt¬ 
age  swings  the  control  grid  will  be 
swung  outside  the  region  of  linearity 
between  grid  voltage  and  plate  cur¬ 
rent. 

With  a  control  of  the  type  de¬ 
scribed  here  the  excessive  signal 
voltage  is  developed  across  the  con¬ 
trolling  element  and  will  not,  there- 
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fore,  introduce  distortion  so  long  as 
the  variation  is  within  the  linear 
region  of  the  plate  voltage — plate 
current  characteristic  for  this  tube. 
Using  a  53  or  6A6  with  300  volts  on 
the  plate  a  variation  of  or  —  60 
volts  is  readily  accommodated  when 
the  negative  control  bias  has  in¬ 
creased  the  effective  plate  resistance 
to  approximately  150A/  ohms.  This 
represents  a  total  attenuation  of  60 
db.  in  the  two  sections  of  the  unit,  as 
described;  providing  a  distortionless 
controlling  range  sufficient  for  the 
most  extreme  demands  of  practical 
operation. 

Avoiding  Cut-Off 
On  PeakH 

A  problem  encountered  with  a  con¬ 
trol  of  this  type  is  the  tendency  to 
cut-off  entirely  at  high  input-signal 
levels.  This,  of  course,  is  very  ob¬ 
jectionable.  It  is  overcome  in  the 
unit  described  here  by  rendering  the 
degree  of  control  effective  at  the  in¬ 
stant  under  consideration  a  function 
both  of  the  degree  of  control  and  of 
the  energy  level  passing  through  the 
system.  This  is  accomplished  by  con¬ 
necting  the  input  transformer,  T,, 


of  the  control  voltage  amplifier,  not 
directly  across  the  signal  voltage,  but 
across  the  controlled  input  voltage  to 
Thus  the  greater  the  degree 
of  control  effective  the  smaller  the 
percentage  of  total  signal  voltage  ap¬ 
plied  to  the  control  voltage  amplifier. 
The  inherent  tendency  of  the  output 
voltage  amplitude  to  pulsate  on  sus¬ 
tained  tones  is  overcome  by  placing 
a  high-pass  filter  (C,,  L^)  betw’een 
the  control  voltage  amplifier  output 
and  the  rectifier,  input.  The  cut¬ 
off  frequencies  of  this  high-pass  fil¬ 
ter  and  the  low-pass  filter  (L„  L„  C,,, 
C,„  C„)  in  the  rectifier  output  are  so 
adjusted  that  the  pulsation  is  blocked 
out.  The  resistors  and  are 
also  effective  in  stabilizing  the  unit, 
especially  at  high  signal  levels,  where 
the  effective  plate  resistance  of  the 
triode  sections  of  F,  becomes  high. 

The  operation  of  the  rectifier  is 
of  interest.  It  will  be  noted  that  the 
point  "a,”  and  rectifier  cathode,  is  at 
a  positive  potential  with  respect  to 
ground,  the  value  of  which  depends 
on  the  ratio  of  the  portion  of  be¬ 
tween  “a”  and  ground  and  R^^.  Be¬ 
fore  V,  will  become  conductive  it  is 
[Continued  on  page  ^2] 
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I.  R.  E.  Annual 


Six  hundred  engineers  hear  of  new  hroadeast  transmitting  I 
and  antenna  systems,  and  of  automatie  frequeney  control  I 


PROMINENT  among  papers  pre¬ 
sented  before  the  600  engineers 
attending  the  annual  convention  of 
the  I.R.E.  at  Cleveland,  May  11,  12, 
and  13,  were  those  relating  to  the 
generation  of  power  at  very  high 
frequencies,  and  new  circuits  of  im¬ 
portance  to  broadcast  stations. 

Particularly  important  was  the 
contribution  of  William  H.  Doherty 
of  the  Bell  Laboratories  who  has  de¬ 
signed  a  high  efficiency  amplifier- 
modulator  circuit  which  will  effect 
considerable  economies  in  the  opera¬ 
tion  of  broadiast  stations,  or  other 
modulated  transmitters.  A  50  kilo¬ 
watt  station,  for  example,  consuming 


normally  about  235  kilowatts  of 
power  would  require  only  135  by  the 
use  of  his  system.  Engineers  in  at¬ 
tendance  at  the  convention  estimated 
that  a  500  kw.  station,  and  there  are 
several  in  the  wind  at  the  present 
time,  would  save  about  1000  kw.  of 
power  by  this  method,  soon  to  be  a 
part  of  standard  Western  Electric 
transmitters. 

In  principle  the  Doherty  system 
operates  as  follows;  Suppose  only  a 
few  tubes,  or  tubes  of  low  power  are 
in  operation  at  low  levels  of  modula¬ 
tion.  Under  these  conditions  these 
few  tubes  can  be  operated  at  fairly 
high  efficiency,  say  60  per  cent.  Then, 
as  more  power  is  required,  by  greater 
depths  of  modulation,  other  amplifier 
tubes  are  brought  into  play  to  supply 
this  additional  power.  In  such  a 
manner  a  power  output-efficiency 
curve  would  be  jnuch  more  uniform 
than  in  existing  apparatus  in  which 
high  efficiency  is  attained  only  at 
high  modulation  levels. 

Imagine  two  tubes  with  their  ca¬ 
thodes  and  plates  in  parallel  and  op¬ 
erating  into  a  load  R.  Now  imagine 
a  network  between  the  plate  of  one 
tube  and  this  load  R.  This  network 
acts  like  a  quarter- wave  transmis¬ 
sion  line  in  that  its  impedance  meas¬ 
ured  at  one  end  is  inversely  pro¬ 
portional  to  the  impedance  which  is 


connected  at  the  other  end.  Now  for 
all  values  of  grid  excitation  from 
zero  up  to  the  carrier  level,  this  tul)e 
supplies  all  the  power,  the  second 
tube  being  overbia.sed  and  having  no 
plate  current.  The  network  presents 
to  this  power-supplying  tube  an  im¬ 
pedance  so  high  as  to  require  this 
tube  to  operate  at  nearly  its  maxi¬ 
mum  possible  r-f  plate  voltage  swintr 
in  order  to  deliver  the  carrier  power. 
The  efficiency  at  the  carrier  output 
is  correspondingly  high,  and  may  be  | 
from  60  to  70  per  cent.  I 

Now,  unle.ss  something  is  allowed 
to  happen,  the  current  in  R  plotted  ' 
against  r-f  grid  excitation  would 
slump  off  on  still  higher  values  of 
excitation.  But  in  the  Doherty  .sys-  * 
tern,  the  second  tube  now  comes  into 
action  supplying  power  and  effec¬ 
tively  increasing  the  impedance  in 
which  the  network  is  terminated.  Be¬ 
cause  of  the  inverse  characteristic 
of  this  network,  this  increase  in  im¬ 
pedance  causes  a  decrease  in  load 
resistance  to  be  presented  to  the  first 
tube  effectively  increasing  its  r-f 
plate  current  without  any  increase 
in  plate  voltage.  At  complete  modu¬ 
lation  half  the  power  is  supplied  by 
each  tube. 

In  his  paper,  Mr.  Doherty  cited  the 
case  of  a  50  kw.  transmitter  operat¬ 
ing  at  33  per  cent  efficiency.  This 
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would  require  150  kw.  of  which  100 
kw.  would  have  to  be  dissipated  at 
the  anodes.  By  this  new  sy.stem  only 
83  kilowatts  would  be  required  and 
hence  the  plate  dissipation  would  be 
only  33  kilowatts  permitting  a  sav¬ 
ing  in  the  water  cooling  system  as 
well  as  in  the  power  requirements. 

Annual  power  costs  for  large 
broadcast  stations  are  such  that  sav¬ 
ings  of  this  nature  may  provide  ad¬ 
ditional  stimulus  for  new  500  kw. 
stations. 

The  Shunt-excited  Antenna 

Another  development  of  interest 
to  broadcast  and  other  transmission 
engineers  is  the  shunt  excited  an¬ 
tenna  described  by  J.  F.  Morrison, 
also  of  the  Bell  Telephone  Labora¬ 
tories.  This  development  leads  to  the 
abandonment  of  the  tower  or  antenna 
base  insulation.  While  this  construc¬ 
tion  has  been  deemed  necessary  for 
the  proper  functioning  of  the  an¬ 
tenna,  it  has  introduced  difficulties 
and  complexities  in  both  the  elec¬ 
trical  and  mechanical  features.  Since 
insulating  material  is  generally 
Weaker  mechanically  than  structural 
steel,  the  insertion  of  an  insulator  at 
the  base  of  the  antenna,  where  the 
Kiechanical  forces  are  the  greatest, 
has  generally  required  a  modification 


of  what  would  otherwise  have  been 
the  most  economical  design.  The 
electrical  complications  introduced 
by  the  insulator,  however,  are  of 
greater  importance,  and  lead  to 
greater  additional  expense  and  com¬ 
plication. 

The  impedance  of  the  ba.se-insul- 
ated  antenna  is  in  series  with  the 
coupling  circuit  which  must  therefore 
either  be  especially  designed  for  each 
installation  or  provided  with  suffici¬ 
ently  liberal  adjustment  features  to 
allow  it  to  meet  the  wide  range  of 
antenna  characteristics.  With  .shunt 


e.\citation,  the  antenna  impedance  is 
divided  into  two  parallel  sections  by 
the  coupling  connection.  This  allows 
considerable  control  of  the  equiva¬ 
lent  antenna  impedance  by  proper 
selection  of  the  point  connection,  and 
thus  greatly  simplifies  the  coupling 
circuit.  This  method  of  excitation 
has  no  appreciable  effect  on  the  radi¬ 
ation  characteristics  of  the  antenna, 
but  leads  to  a  number  of  simplifica¬ 
tions  and  economies. 

With  the  .shunt-excited  antenna  a 
.separate  building  for  housing  the 
coupling  equipment  becomes  unneces¬ 
sary,  since  the  only  equipment  re¬ 
quired  is  a  single  condenser.  The 
circuit  supplying  antenna  lighting  is 
simplified  to  an  even  greater  extent. 
Since  the  antenna  is  at  ground  po¬ 
tential  at  its  base,  filter  circuits  or 
coupling  transformers  are  not  re- 
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quired.  The  circuit  may  be  run  di-  coupling  in  both  input  and  output 
rectly  to  the  base  of  the  antenna  circuits.  The  plate  circuit  which  nor¬ 
and  thence  vertically  up  the  struc-  mally  calls  for  a  load  of  20,000  ohms 
ture.  All  forms  of  protection  from  has  the  primary  of  its  coupling  trans¬ 
lighting  or  other  high  voltages  on  former  shunted  on  each  side  by  a 
the  antenna  structure  also  become  resistance  of  500  ohms.  A  variable 
unnecessary.  With  the  base  of  the  bias  system  dependent  for  its  action 
antenna  at  ground  potential  no  pre-  upon  the  incoming  signal  is  con- 
cautionary  measures  need  be  taken  nected  to  the  common  grid  return  of 
either  to  eliminate  high  potentials  or  the  triodes.  In  this  circuit,  the  ef- 
to  keep  people  from  coming  in  con-  fective  transfer  of  energy  is  depend- 
tact  with  the  structure,  and  inter-  ent  upon  the  effective  plate  imped- 
ruptions  of  the  program  due  to  light-  ance  of  the  tube  and  the  resistance 
ning  or  static  discharges  are  greatly  of  the  load.  The  tube  impedance  is 
decreased.  Over  and  above  these  dependent  upon  the  grid  bias  and 
many  advantages,  the  cost  of  the  consequently  with  low  bias  there  is 
antenna  itself  is  reduced.  No  base  a  proportionally  greater  transfer  of 
insulators  are  required,  and  the  more  energy  to  the  500  ohm  circuit  than 
rigid  support  made  possible  by  a  when  high  bias  is  used  and  the  plate 
direct  steel  connection  to  the  founda-  impedance  of  the  tube  increases.  In 
tion  permits  the  use  of  smaller  cross-  this  way,  volume  expansion  is  pos- 
sectional  dimensions.  sible  with  relatively  low  distortion, 

the  main  disadvantage  of  the  system 
Aural  Compensation  as  far  as  broadcast  receivers  are 

Pointing  out  the  characteristic  of 
the  human  ear  to  demand  greater 
inputs  of  power  at  low  audio  fre¬ 
quencies  if  they  are  to  excite  the 
same  loudness  response,  and  there¬ 
fore  citing  the  need  for  some  form 
of  aural  compensation  in  phonograph 
reproducers  and  radio  receivers, 

C.  M.  Sinnett  of  RCA  Victor  des¬ 
cribed  several  methods  in  use  for 
volume  and  bass  frequency  expan¬ 
sion.  One  such  system  is  used  in 
Crosley  receivers  and  consists  of  two 
incandescent  lamps  whose  resistance 
varies  with  the  current  through 
them  and  therefore  in  a  bridge  cir¬ 
cuit  will  i>ermit  more  signal  to  get 
into  the  loud  speaker  system  at  high 
levels  proportionately,  than  arrives 
there  on  low  levels  of  input. 

A  second  system  consists  of  push- 
pull  triodes  having  transformer 


and  other  amplifiers 
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concerned  being  the  greater  cost  over 
.some  other  systems  which  do  not 
employ  transformer  coupling. 

A  third  system  described  by  Mr. 
Sinnett  has  appeared  under  his  sig¬ 
nature  in  Electronics,  November, 
1935,  and  is  in  use  in  the  RCA  Victor 
D-22  receiver.  His  analysis  of  volume 
expansion  as  applied  to  a  radio  re¬ 
ceiver  is  interesting.  He  stated  that, 
“It  will  be  found  when  expansion  has 
been  added  to  a  radio  set  that  new 
problems  are  confronted  which  were 
not  present  when  phonograph  rec¬ 
ords  were  used.  Dance  music,  due  to 
careful  monitoring  in  the  broadcast 
station,  shows  very  little  dynamic 
range;  in  fact,  much  less  than  on 
the  average  phonograph  record. 
Symphony  music  becomes  much  m(*re 
life  like  and  with  a  variable  amount 
of  expansion,  one  can  suit  the  music 
to  his  mood  at  that  particular  time. 
If  we  listen  to  a  symphony  program 
with  maximum  expansion  it  will  be 
noted  that  as  soon  as  the  music  stops, 
the  noise  level  drops.  When  the  an¬ 
nouncer  begins  to  speak,  his  voice 
is  rather  weak  but  builds  up  rapidly 
to  a  level  roughly  corresponding  to 
that  present  during  musical  n  pro- 
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duction  at  high  level.  This  particular 
effect  can  be  partially  overcome  by 
increasing  the  time  delay  to  the  No. 

3  grid  of  the  expander  tube.  Having 
done  this,  we  are  faced  with  a  rather 
unpleasant  reaction  to  symphonic  re¬ 
production.  Sudden  crescendos  are 
smoothed  out  and  the  effect  the  con¬ 
ductor  desired  is  practically  lost.  For 
this  reason,  either  a  compromise 
must  be  assumed  between  voice  and 
music  or  one  must  let  voice  take  care 
of  itself  when  the  time  delay  has 
been  adjusted  for  proper  musical  re- 
i  production.” 

i  Dr.  Dellinger  of  the  Bureau  of 
i  Standards  reported  on  marked  dif- 
I  ferences  in  the  efficiency  of  trans- 
I  mission  on  the  band  between  500 
I  and  1,300  kc.  in  the  east-west  direc- 
I  tion  as  compared  to  the  north-south 
S  direction.  No  reasonable  explana- 
B  tion  has  been  advanced  to  the 
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Phototubes,  amplifiers,  osrillators.  niierophones 
aid  spray  painting,  welding  timing,  titration  eontrol.  spark 
gap  adjustment,  easting  tests 


Tubes  Help 
Make  Automobiles 


Phototube  scleroscope  with 
hammer  on  it%  upwartl 
bounce  to  intercept  the 
0.0025  inch  beam  of  light 


A  MOST  recent  survey  of  the 
automobile  and  associated  in¬ 
dustries,  reveals  additional  uses  of 
photo-electric  cells  and  electron 
tubes  to  save  money,  speed  produc¬ 
tion,  and  insure  a  more  uniform 
product. 

Photocells  and  light  beams  have 
been  used  successfully  to  control 
electrically-operated  air  valves  for 
actuation  of  automatic  spray  paint¬ 
ing  guns  on  parts  conveyor  lines. 
However,  due  to  the  excessive  fog 
of  paint  it  has  been  essential  to 
clean  the  lenses  of  the  light  source 


and  the  phototube  housing  peri¬ 
odically  to  eliminate  false  opera¬ 
tions.  Recently  several  of  the  photo¬ 
tube  units  used  in  this  tj'pe  of 
application  have  been  replaced  with 
very  stable  capacity  detector  units. 
The  capacity  detector  units  used  for 
automatic  spray  painting  and  auto¬ 
matic  sand  blasting  use  one  or  two 
standard  radio  receiving  tubes  in  an 
oscillator  circuit.  The  output  tube 
controls  an  explosion  proof  relay 
capable  of  handling  20  amperes. 
In  spray  painting  an  explosion  proof 
relay  is  essential  to  reduce  fire 
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hazard.  A  suitable  variable  coii- 
den.sor  is  provided  in  the  units  to 
adjust  the  sensitivity  of  the  circuit 
in  relation  to  the  antenna  used. 

The  installation  of  this  type  of 
unit  for  automatic  spray  paintinj: 
is  very  simple.  In  one  j)articular 
case  where  a  cylindrical  shaped 
article  about  8  inches  in  height  and 
8  inches  in  diameter  is  to  be  auto¬ 
matically  spray-painted  as  it  passes 
on  the  conveyor,  an  inverted  “U” 
shaped  antenna,  with  clearance  of 
2  inches  to  3  inches  from  the  article 
is  supported  on  insulators  at  the 
point  where  the  spray  guns  are  to  l)e 
turned  “on.”  As  the  article  passes 
into  the  field  of  the  antenna,  the 
relay  in  the  capacity  detector  clo.ses. 
energizing  a  solenoid  air  valve.  The 
air  thus  released  to  the  spray  guns 
starts  the  actual  painting.  The 
article  pas.ses  on,  and  as  it  leaves 
the  field  of  the  antenna,  the  capacity 
detector  relay  becomes  de-energized, 
turning  off  the  air  supply  to  the 
spray  guns,  awaiting  the  approach 
of  the  next  article. 

In  divisions  of  factories  where 
there  is  excessive  smoke,  dirt,  and 
opaque  fumes,  this  same  type  of 
unit  is  being  successfully  used  to 
control  conveyors  to  count  artic.es. 
stop  automatic  machines  when  no 
stock  is  ready;  and  also  open  doors 
and  turn  on  artificial  illumination 
as  a  person  approaches  a  dark 
dangerous  area. 

Welding  Timers 

While  vacuum  tube  or  electronic 
time  delay  relays  are  being  used  to 
reverse  automatically,  after  a  given 
period  of  time,  gear  lapping  ma- 
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chines  or  to  test  fuel  pumps  for  a 
jriven  pumpinj?  volume  in  a  specified 
time,  nevertheless,  one  of  the  recent 
and  most  interestinj?  uses  is  the  ap¬ 
plication  of  this  principle  to  weldinjf 
timers.  For  clean,  exposed  spot 
welds,  it  is  essential  that  time, 
pressure,  and  power  be  constant. 
Pressure  and  power  are  readily  con¬ 
trolled:  but  when  time  has  to  be  of 
the  order  of  one  or  two  cycles  in 
duration,  it  has  generally  been 
necessary  to  turn  to  the  lar^e 
>raseous  triodes  becau.se  of  the  si)eed 
and  ability  to  control  lar^e  loads. 
Recently  a  weldinj?  timer  which  will 
handle  1,200  amperes  and  is  capable 
of  otferinjr  timing  down  to  one 
cycle  (ba.sed  on  60  cycle)  has  l)een 
introduced  and  is  receivinjr  wide 
acceptance;  becau.se  in  place  of 
jraseous  type  tubes,  there  are  two 
type  27  receiving  tubes  in  time  de¬ 
lay  circuits.  The  principle  of  over¬ 
all  oi)eration  is  very  unique.  Need¬ 
less  to  say  the  cost  of  tube  replace¬ 
ment  in  this  welding  timer  is  cut  to 
a  minimum,  a  fact  which  contributes 
to  its  wide  sale. 


Spnrk  plufc  nappinn  device.  The 
vibratinit  hummer  Li  about  to 
strike  HO-cycle  blous  to  the  out¬ 
side  electrode.  Detail  of  fiappinfi 
instrument  at  right 


CLAMP 


calomel  cell,  and  the  output  of  the 
amplifier  to  a  sensitive  jyalvano- 
meter.  Takinj?  into  consideration 
that  at  the  start  of  the  analysis  the 
cell  is  a  known  per  cent  acid  (or 
alkaline)  small  measured  amounts 
of  alkaline  solution  (or  acid)  are 
added  until  the  output  has  a  definite 
sharp  fall  off  to  zero.  At  precisely 
this  point  the  cell  is  neutralized  and 
the  volume  of  neces.sary’  reajjent  is 
used  to  plot  a  graphic  curve,  essen¬ 
tial  in  corrected  analysis. 

The  first  attempts  in  this  new 
method  of  analysis  were  very  dis¬ 
couraging;  because  the  slightest 
drift  in  supply  voltage  resulted  in 
complete  loss  of  accuracy  in  re¬ 
sultant  readings.  It  was  found  that 
room  temperature  changes  caused 
enough  drift  in  the  B  battery  circuit 
to  completely  upset  the  readings. 
The  B  battery  and  current  bucking 
battery  caused  the  greatest  trouble 
in  the  first  amplifier  used.  The  first 
amplifier  was  the  conventional  bat¬ 
tery-operated  one-stage  unit  using  a 
triode  the  output  of  which  was  con¬ 
nected  to  a  sensitive  galvanometer 
(0 — 10  microamperes),  with  an  ex¬ 
ternal  battery  and  adjustment  as  a 
current  bucking  device. 

A  circuit  of  the  balanced  type 
amplifier  was  finally  developed  for 


In  the  chemical  laboratories  in¬ 
volved  in  careful  analysis  and  ex¬ 
perimental  developments  of  lead 
compounds  for  addition  to  auto¬ 
mobile  gasoline,  extensive  research 
has  been  carried  out  to  determine 
at  exactly  what  point  an  acid  solu¬ 
tion  becomes  neutralized,  and  be¬ 
fore  this  solution  becomes  alkaline. 
A  vacuum  tube  amplifier  became  the 
most  logical  solution.  The  input  of 
the  amplifier  was  connected  to  a 
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END  VIEW  OF 
BEAM  OF  LIGHT 


(VIBRATINS  HAMMER 


this  analysis  work,  which  is  operat¬ 
ing  to  satisfaction  of  the  research 
chemist.  The  unusual  resistance 
network  in  the  C  battery  supply  cir¬ 
cuit,  is  to  allow’  ample  adjustment, 
because  in  some  of  the  work  done  in 
the  chemical  laboratory  with  this 
unit,  it  is  necessary  to  start  with 
an  input  to  the  amplifier  of  negative 
five  millivolts,  proceed  through  zero 
and  go  to  ten  millivolts  positive; 
while  in  the  next  analysis  the  input 
may  be  zero  and  proceed  either  posi¬ 
tive  or  negative  as  the  calomel  cell 
changes  polarity. 


Spark  Plug  Adjustment 


Manufacturers  of  spark  plugs 
have  experienced  difficulty  in  obtain¬ 
ing  a  suitable  method  for  production 
gapping  of  the  electrodes  of  the 
plug.  One  of  the  final  assembly 
operations  is  to  bend  the  outside 
electrode  to  a  position  w'here  it  will 
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the  general  set-up  of  the  locating  the  part  under  test,  the  circuit 
block,  clamp,  beam  of  light  and  closes.  The  bounce  of  the  hammer 
vibrating  hammer.  upward,  determines  the  surface 

The  operation  of  the  complete  de-  hardness.  If  the  hammer  bounces 
vice  is  rapid,  accurate,  and  simple,  high  enough  to  eclipse  the  0.005 
The  operator  inserts  the  plug  in  the  inch  ribbon  of  light,  the  part  passes 
clamp,  with  the  center  electrode  on  as  “O.K.  for  hardness.”  If  the 
against  the  locating  block.  A  foot  hammer  does  not  bounce  high 
button  makes  momentary  contact,  enough,  the  part  is  rejected  at  this 
w’hich  closes  an  electrically  held  re-  station  as  too  soft, 
lay.  One  contact  on  this  relay  The  second  station  of  inspection 
energizes  the  60  cycle  vibrating  required  considerably  more  fore¬ 
hammer.  With  many  rapid  light  thought  and  consideration  of  exist- 
blows  the  hammer  bends  the  outside  ing  conditions.  The  flaws  and  gas 
electrode  until  it  eclipses  the  small  holes  in  the  castings  cannot  be  .seen 
beam  of  light.  The  plate  relay  of  with  the  human  eye,  because  in  the 
the  photocell  amplifier  opens  its  con-  greater  portion  of  cases,  these  flaws 
tacts  releasing  the  electrically  held  are  internal.  X-Rays  were  seriously 
relay,  thus  stopping  the  vibrating  considered;  yet  their  use  would  re¬ 
hammer.  The  plug  is  removed,  cor-  quire  manual  inspection,  which  was 
rectly  gapped.  The  average  opera-  to  be  completely  eliminated.  It  was 
tor  gaps  from  800  to  1,500  plugs  per  found  upon  careful  examination  that 
hour.  the  usual  shape  coupled  with  the  fact 

that  the  finished  castings  were  hol- 
Tiibes  Applied  to  Scleroscope  low,  allowed  a  check  for  cracks  and 

flaws  by  sound.  The  articles  which 
An  interesting  electronic  and  me-  were  not  cracked  rang  like  a  bell 
chanical  device  now  under  construe-  when  struck  a  slight  blow,  while 
tion  will  automatically  inspect  a  those  that  were  cracked  or  had  flaws, 
small  hollow,  completely  finished,  sounded  “dead.” 
permanent  mould  casting  which  is  A  contact  microphone  was  first 
the  integral  part  of  a  large  produc-  thought  possible  to  pick  up  these 
tion  automobile.  The  finished  part  sounds;  but  in  order  to  have  the 
must  be  automatically  scleroscoped  duration  of  the  ring  undamiied 
for  hardness;  checked  for  invisible  by  a  solid  mechanical  holding  of  the 
cracks  and  sulphur  flaws  by  the  part  while  under  inspection,  it  was 
sound  produced  when  struck  like  a  found  necessary  to  use  a  specially 
bell;  checked  for  all  dimensions  designed,  very  directional  micro- 
(diameter  at  three  places,  and  phone.  The  microphone  had  to  be 
height  to  0.0001  inch  and  for  thick-  directional  to  eliminate  any  un- 
ness  to  0.015  inch)  and  inspected  necessary  pickup  of  sound  from  the 
for  1/32  inch  diameter  surface  pin  rest  of  the  machine  or  the  shop  it- 
holes.  self.  To  eliminate  further  any  un- 

The  complete  inspection  must  be  wanted  sounds  to  pass  through  the 
made  at  the  rate  of  one  part  per 
second.  If  at  the  various  stations  of 
inspection,  the  part  does  not  come 
up  to  specifications,  it  will  be  auto¬ 
matically  rejected  by  a  solenoid. 

The  photo-electric  scleroscope  has 
several  unique  features.  It  is 
shown,  removed  from  the  complete 
machine.  The  small  diamond  tipped 
hammer  is  drawn  to  the  top  of  the 
glass  tube  by  a  constant  vacuum  de¬ 
rived  from  a  small  ventura  in  a 
water  main.  As  the  article  indexes 
into  a  position  for  the  check  of  sur¬ 
face  hardness,  the  vacuum  is  re¬ 
leased,  allowing  the  hammer  to  fall. 

On  the  downward  fall  of  the  ham¬ 
mer,  a  cam  operated  switch  on  the 
entire  machine  opens  the  relay  cir¬ 
cuit  of  the  photocell  amplifier,  but 
as  the  hammer  comes  in  contact  with 


Complete  phototube  gapping  de¬ 
vice.  Light  source  in  cylindrical 
tube  at  left,  phototube  at  right. 
The  spark  plug  is  in  place  in  the 
clamp 


form  a  0.025  inch  gap  with  the 
center  or  stationary  electrode. 

The  practice  in  the  past  has  been 
to  insert  a  thickness  gauge  between 
the  outside  electrode  and  the  center 
electrode.  The  outside  electrode  is 
then  bent  into  place  by  a  vibrating 
hammer.  If  the  vibrating  hammer 
is  allowed  to  impart  a  few  extra 
blows,  the  impact  is  transmitted 
through  the  thickness  gauge  to  the 
center  electrode — usually  resulting 
in  a  cracked  ceramic  or  porcelain. 
Even  with  an  experienced  operator 
the  percentage  of  cracked  porcelains 
is  too  high. 

To  control  the  vibrating  hammer 
with  a  beam  of  light  'and  photocell, 
so  that  the  beam  of  light  acted  as 
the  thickness  gauge,  presented 
several  problems.  The  accuracy  of 
the  gap  desired  is  plus  or  minus 
0.001  inch;  yet  the  relation  of  the 
center  electrode  to  any  other  part 
of  the  plug  may  be  plus  or  minus 
0.010  inch.  It  is  therefore  impos¬ 
sible  to  locate  the  plug  for  this 
operation  by  any  other  point  than 
the  end  of  the  center  electrode. 

The  accompanying  photographs 
show  a  general  view  of  the  com¬ 
plete  device,  and  a  close-up  of  the 
end  of  the  vibrating  hammer  with 
a  spark  plug  in  position  for  auto¬ 
matic  gapping.  The  sketch  shows 


[Continued  on  page  55] 


Amplifier  circuit  used  in  oil 
analysis 
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Electronic  Engineering 


A  discussion  of  the  possibilities  of  the  application  of  electron  tubes  to  power  genera¬ 
tion,  transmission,  conversion  problems.  A  portion  of  a  talk  by  Dr.  Alexanderson  before  the 
Institute  of  Electrical  Engineers,  Washington,  D.  C. 


P»LECTRONIC  engineering  is  still 
^  an  infant  but  need  not  be  intro¬ 
duced.  Radio  was  well  established 
in  an  important  way  for  trans¬ 
oceanic  communication  when  the 
electronic  art  took  practical  form 
and  changed  the  whole  picture.  A 
similar  evolution  is  now  in  progress 
in  power  engineering,  although  it  is 
not  as  rapid. 

The  electronic  devices  used  in 
power  engineering  are  usually  of  the 
mercury  vapor  type  as  distinguished 
from  the  high  vacuum  tubes  used  in 
radio.  The  mercury  arc  in  vacuum 
has  been  known  and  used  for  a  long 
time  under  the  name  of  mercury  rec¬ 
tifier  but  its  usefulness  and  adapt¬ 
ability  were  greatly  increased  when 
it  was  discovered  that  the  arc  could 
be  controlled  by  a  third  element  in 
the  form  of  a  grid  or  an  igniter.  We 
have  thus  a  device  that  may  be  used 
as  a  plain  rectifier,  a  controlled  rec¬ 
tifier  or  an  inverted  rectifier. 

Hot  cathode  tubes  and  igniter 
tubes  are  now  available  in  units 
with  single  anode,  whereas  continu¬ 
ously  excited  mercury  pool  cathodes 
are  made  in  the  form  of  steel  tanks 
of  the  multiple  anode  type.  This 
divergence  in  the  forms  of  practical 
development  has  led  to  some  con¬ 
fusion  in  terminology.  The  steel 
tank  type  is  popularly  known  as  a 
rectifier,  whereas  the  hot  cathode 
and  igniter  devices  are  known  as 
tubes.  They  are,  however,  intended 
to  perform  the  same  functions  and 
each  of  these  devices  may  be  used 
either  as  a  rectifier  or  as  an  inverter. 
It  has  been  proposed  that  a  common 
name  should  be  adopted  to  comprise 
the  various  operative  functions  of 
rectifier,  inverter  and  frequency 
j  changer.  The  name  “mutator”  has 
I  therefore  been  agreed  upon.  The 

;i  device  which  it  is  intended  to 

describe  might  be  classified  broadly 
as  an  electronic  commutator.  The 
name  “mutator”  therefore  seems  ap- 
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propriate  with  a  good  linguistic  as 
well  as  practical  background.  A 
mutator  comprises  a  group  of  tubes 
or  tanks  with  the  associated  cir¬ 
cuits.  The  electronic  device  itself 
may  be  of  the  hot  cathode  or  pool 
cathode  type  and  of  the  tube  type  or 
tank  type. 

Some  of  the  outstanding  branches 
of  electronic  engineering  which  are 
being  actively  developed  are: 

Power  transmission  with  high 
tension  d-c,  thyratron  motors,  fre¬ 
quency  changers,  transformation  of 
direct  current,  torque  amplifiers, 
electric  w’elding. 

The  subject  of  power  transmis¬ 
sion  by  direct  current  has  been  with 
us  a  long  time  but  recently  it  has  as¬ 
sumed  new’  importance.  One  of  the 
reasons  for  this  is  the  new  develop¬ 
ments  in  electronic  devices  which 
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make  a  new  technical  solution  pos¬ 
sible.  The  other  is  the  national  in¬ 
terest  in  development  of  large 
sources  of  water  power  which  can 
find  adequate  market  only  at  great 
distances.  A  paper  was  given  within 
the  last  year  by  Willis,  Elder  and 
Bedford  describing  an  interesting 
new  solution  of  direct  current  power 
transmission  with  constant  current. 
A-C  power  of  constant  potential  is 
changed  into  constant  current  by  a 
reactance  capacity  network  of  the 
type  that  Steinmetz  named  “Mono- 
cyclic  Square.”  The  rectifier  changes 
the  constant  alternating  current  to 
direct  current  which  is  transmitted 
at  high  tension  and  at  the  receiving 
station  inverted  back  into  constant 
current  a-c.  Another  monocyclic 
network  is  then  interposed  which 
changes  the  constant  current  a-c 
back  into  constant  potential  alter¬ 
nating  current. 

The  constant  current  d-c  system 
is  particularly  attractive  for  trans¬ 
mission  through  underground  cables. 
There  is  good  reason  for  assuming 
that  cable  insulation  can  sustain  a 
d-c  voltage  several  times  higher 
than  the  a-c  voltage  without  de¬ 
terioration  and  thus  d-c  transmis¬ 
sion  through  underground  cables 
becomes  possible  where  a-c  cable 
transmission  w’ould  be  out  of  the 
question.  A-C  transmission  lines 
must  be  carried  cross  country  on 
high  towers  w’hereas  with  the  high 
tension  d-c  cable  it  is  likely  that  the 
public  highway  which  is  becoming 
more  and  more  important  for  trans¬ 
portation,  also  will  become  the  car¬ 
rier  of  electric  power  w’ith  a  d-c 
cable  buried  in  the  ditch. 

While  constant  current  power 
transmission  is  a  highly  interesting 
solution,  it  cannot  yet  be  taken  for 
granted  that  d-c  power  transmis¬ 
sions  in  the  future  will  always  be  of 
the  constant  current  type.  It  is, 
however,  not  necessary  for  us  at  the 
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present  time  to  attempt  to  predict 
whether  this  development  will  go  in 
one  direction  or  another,  but  it  is 
important  to  realize  that  there  are 
great  problems  ahead  in  the  use  and 
distribution  of  electric  power  and 
that  the  electronic  art  has  furnished 
solutions  for  these  problems. 

The  first  electric  motor  was  a  d-c 
motor  and  even  after  the  a-c  motor 
had  become  widely  used,  the  d-c 
motor  was  for  a  long  time  preferred 
because  it  was  a  variable  speed 
motor.  The  advantages  of  a-c  dis¬ 
tribution,  however,  proved  to  be  so 
great  that  it  has  become  universal 
and  d-c  distribution,  while  it  still 
remains  is  gradually  being  elimi¬ 
nated.  This  is  in  spite  of  the  fact 
that  the  a-c  motor,  both  induction 
and  synchronous  motors  are  con¬ 
stant  speed  motors.  While  the  in¬ 
dustry  has  adapted  itself  to  the  con¬ 
stant  speed  drive,  there  remain  im¬ 
portant  applications  w’here  a  vari¬ 
able  speed  a-c  motor  is  needed.  The 
thyratron  motor  is  intended  to  meet 
this  demand.  It  is  a  synchronous 
type  of  motor  with  a  thyratron  com¬ 
mutator  which  operates  for  all  prac¬ 
tical  purposes  as  a  d-c  motor  with 
variable  speed  control,  although  it 
consumes  alternating  current.  A 
400  hp.  motor  of  this  type  has  been 
built  and  delivered  to  the  American 
Gas  and  Electric  Company.  The 
chances  are  that  future  large  in¬ 
stallations  will  use  mercury  pool 
tanks  or  igniter  tubes  in  the  place 
of  the  thyratron  tubes  which  are 
more  adapted  to  the  moderate  sized 
and  small  installations.  We  have 
thus  a  situation  where  the  methods 
and  objectives  are  the  same  but  the 
choice  of  the  electronic  device  is  a 
matter  of  detail  and  expedience. 

The  significance  of  .the  mutator 
motor  is  not  only  that  it  solves  the 
problem  of  a  variable  speed  a-c 
motor  but  it  points  to  a  solution  of 
other  important  problems  in  electric 
power  distribution.  A  well  recog¬ 
nized  limitation  of  the  a-c  distribu¬ 
tion  system  is  that  power  can  fiow 
freely  over  an  electrical  network 
only  when  certain  relationshii>s  of 
frequency  and  synchronism  are  ob¬ 
served.  The  d-c  ^iistribution  system 
was  not  limited  in  this  way  and  this 
has  been  one  of  the  reasons  for  its 
use.  The  hope  is  now  that  the  new 
technique  of  electronic  engineering 
removes  even  this  limitation  from 
the  a-c  system.  The  connection  be¬ 
tween  the  mutator  motor  and  this 


problem  in  power  distribution  may 
be  explained  in  the  following  way. 
The  mutator  has  the  function  of 
consuming  power  of  one  frequency 
and  delivering  it  to  the  motor  at  an¬ 
other  frequency.  This  control  of 
frequency  gives  the  motor  its  vari¬ 
able  speed  characteristics  but  it  also 
proves  the  possibility  of  taking 
power  from  one  power  system  and 
delivering  it  to  another  power  sys¬ 
tem  at  a  different  frequency.  It  is 
also  possible  to  deliver  power  to  a 
system  of  the  same  frequency  with¬ 
out  the  necessity  of  operating  the 
two  systems  in  synchronism.  A 
transmission  line  may  thus  be  es¬ 
tablished  between  two  systems  where 
for  technical  reasons  it  was  pre¬ 
viously  impossible  to  exchange  power. 
Such  a  link  between  two  systems 
which  previously  could  not  exchange 
power  may  be  called  an  asynchronous 
tie  line  or  an  asynchronous  trans¬ 
mission.  It  has  the  characteristics 
of  a  d-c  transmission  but  it  also 
has  the  practical  advantage  that  it 
adapts  itself  as  an  extension  and  an 
improvement  of  the  a-c  system 
making  present  facilities  more 
useful. 

One  of  the  immediate  results  of 
making  a-c  power  distribution  free 
from  the  limitations  of  frequency 
and  synchronism  will  be  the  unifica¬ 
tion  of  systems  w’hich  are  now  oper¬ 
ated  at  different  frequencies.  For 
example,  40,  50  and  25  cycle  systems 
may  be  tied  together  w’ith  the  60- 
cycle  system  by  mutators  which  in 
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that  case  may  be  described  as  fre¬ 
quency  changers.  Of  greater  impor¬ 
tance  may  be  the  power  exchange 
between  60-cycle  systems  which  have 
so  grown  that  extension  or  power 
e.xchange  by  synchronous  tie  lines 
becomes  impractical.  The  broad  ob¬ 
ject  is  thus  to  make  large  power 
sources  available  to  large  areas.  The 
technical  means  whereby  this  is  ac¬ 
complished  becomes  a  natural  evolu¬ 
tion.  First  we  have  the  synchronous 
transmission  which  reaches  to  its 
well  recognized  limits.  Then  we 
have  a  synchronous  a-c  transmission 
or  d-c  transmission  that  may  be  used 
to  tie  together  units  that  cannot  be 
operated  in  synchronism.  Finally 
we  have  the  problem  of  transmitting 
power  from  great  distances.  This 
latter  problem  is  partly  an  economic 
one  and  partly  a  technical  problem. 
Insofar  as  it  is  an  economic  problem 
it  cannot  be  intelligently  di.scussed 
except  in  the  light  of  the  facts  con¬ 
nected  with  each  specific  case.  How¬ 
ever,  insofar  as  it  is  a  technical 
problem  we  can  say  that  there  is  no 
limit  for  electrical  power  transmis¬ 
sion  with  either  a-c  or  d-c.  When 
the  limits  of  .synchronous  a-c  trans¬ 
mission  have  been  reached  it  is  pos¬ 
sible  to  go  .still  further  with  a  .syn¬ 
chronous  a-c  or  d-c  transmi.ssion. 

So  far  it  has  not  been  possible  to 
transform  direct  current  from  one 
voltage  to  another  without  the  use 
of  rotating  machinery,  motor  gen¬ 
erators  or  dynamotors.  With  the 
mutator  this  becomes  possible.  Di¬ 
rect  current  has  always  been  pe¬ 
culiarly  adapted  for  electric  traction 
but  the  voltage  has  not  been  high 
enough  for  economical  di.stribution. 
With  the  electronic  mutator  used  as 
a  transformer  of  direct  current  it 
now  appears  possible  to  rai.se  the 
trolley  voltage  to  an  efficient  value 
for  distribution  say  12,000  to  25,000 
volts,  and  deliver  low  tension  direct 
current  in  the  most  efficient  form  to 
the  motors.  It  would  be  premature 
to  attempt  to  predict  how  such  a 
system  of  traction  would  compare 
with  the  highly  develop^ed  25  cycle 
a-c  system  but  here  again  is  an  ex¬ 
ample  of  the  competition  of  ideas 
that  is  necessary  for  progress.  The 
d-c  transformer  consists  of  a  mu¬ 
tator  that  changes  the  pow’er  from 
high  tension  direct  current  into  a 
convenient  intermediary  frequency, 
perhaps  100  cycles,  and  then  con¬ 
verts  it  back  into  low  tension  direct 
current  of  variable  voltage. 
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In  ihe  coming  field  texts,  television  studios  in  the  RCA  Building  (left)  uill  feed  signnls  by  coaxial  cable  and  by  a  u-h-f  radio  link 

to  the  main  transmitter  on  the  Empire  State  Building  (right) 


The  scarcity  of  information  on 
current  advances  in  television. 
esi)ecially  on  those  made  in  this 
country,  has  at  once  piqued  the 
curiosity  of  the  technical  reader  and 
led  to  the  assumption  that  very 
jrreat.  and  therefore  heavily 
jruarded,  progress  has  been  made. 
While  projrress  has  been  made, 
no  improvements  in  principle,  or  in 
radically  new  apparatus,  have  ap- 
jieared  since  the  use  of  “liKht 
stora^'e”  in  the  Zworykin  iconoscope 
and  of  electron  multiplication  in  the 
Farnsworth  imajre  dissector.  What 
advances  have  been  made  in  the  past 
two  or  three  years  are  refinements 
of  apparatus,  a  jrradual  increa.se  in 
the  fundamental  dimensions  (num¬ 
ber  of  .scanning  lines,  pictures  per 
sec-ond.  carrier  frequencies,  etc.)  of 
the  system,  and  great  increases  in 
the  stability  of  the  circuits  u.sed. 
These  improvements  are  essentially 
matters  of  degree,  not  principle; 
they  indicate  that  further  work  in 
the  field,  barring  the  possibility  of 
a  radically  new  concept,  will  prob¬ 
ably  follow  along  the  same  line.s, 
that  is,  refinements  of  pick-up, 
tran.smitting,  and  reproducing  ap¬ 
paratus  and  circuits.  That  the 
fundamental  technical  foundation 
for  television  service  has  been  found 
in  the  use  of  electronic  scanning  and 
reproduction,  and  in  the  transmis¬ 
sion  of  extremely  wide-band  signals 
in  the  ultra-high  frequency  spectrum 


A  review  of  projiress  in  eathode-ray  teehiiitpie  sinee 
1934,  the  remaining:  problems,  and  the  purposes  of  the  field 
tests,  on  which  future  plans  de|)end. 


can  .scarcely  be  doubted  in  view  of 
the  record.  The  necessity  of 
.scanning  seems  to  be  completely  un¬ 
avoidable,  and  the  high  degree  of 
definition  now  possible  with  elec¬ 
tronic  methods  of  pick-up  and  re¬ 
production  must  be  e<iualled  by  me¬ 
chanical  .systems  before  they  can 
compete,  even  on  a  cost  basis. 

The  fundamental  question  in  tele¬ 
vision,  once  the  .scanning  method  is 
accepted  as  inevitable,  is  the  ques¬ 
tion  of  the  dimensions  of  the  sy.stem. 
By  way  of  bringing  television  up-to- 
date,  therefore,  it  is  intere.sting  to 
compare  these  dimensions  as  they 
exi.sted  in  1933  with  tho.se  of  the 
present,  and  with  those  of  the  im¬ 
mediate  future.  In  1933,  the  scene 
to  be  tran.smitted  was  scanned  with 
240  lines,  which  were  sent  in  direct 
sequence,  the  complete  picture  being 
scanned  in  approximately  l  /24th  of 
a  second.  Such  a  240-line,  24-frame 
picture  required  a  total  band-width 

>See  "An  Experimental  Television  Sys¬ 
tem”  by  E.  W.  Engstrom,  Proc.  I.R.E.  22  : 
11,  Page  1242  (November  1934).  This  paper 
and  others  in  the  same  issue  by  Kell,  Bed¬ 
ford,  Trainer,  and  others  of  RCA  Victor, 
give  an  excellent  resume  of  the  state  of  the 
art  in  1933.  See  also:  “Television — A  sur¬ 
vey  of  present  day  systems,"  Electronics, 
October  1934,  page  3<M». 


of  about  2.05  megacycles,’  corres¬ 
ponding  to  a  maximum  modulation 
frequency  of  1.025  me.  The  signal 
was  sent  on  a  carrier  frequency  in 
the  neighborhood  of  40  me.  The 
picture  frequency,  24  per  second, 
was  the  same  as  that  of  standard 
motion  picture  film,  which  could 
therefore  be  scanned  directly  during 
projection. 

Since  1933,  the  dimensions  have 
been  changed  considerably  until  at 
present  two  experimental  systems 
using  electronic  units  hav’e  been 
set  up  as  follows:  each  picture  is 
scanned  into  343  lines,  the  complete 
picture  being  scanned  30  times  per 
second.  The  picture  is  covered  twice 
within  each  scanning  cycle,  the  odd 
numbered  lines  being  presented  by 
the  eye  in  the  first  1  60  of  a  second, 
the  even  numbered  lines  in  the 
second  1/  60th.  This  “interlacing” 
corresponds  to  the  “chopping”  action 
employed  in  projecting  motion 
pictures,  in  which  each  frame  is  in¬ 
terrupted  once  by  a  light  shutter; 
it  has  the  effect  of  greatly  reducing 
the  flicker.  The  band-width  re¬ 
quired  for  these  343-line,  SO-frame 
pictures  is  approximately  5.2  me.. 
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corresponding  to  a  maximum  modu¬ 
lation  frequency  of  2.6  me.  These 
figures  are  based  on  the  same  as¬ 
sumptions  as  were  used  in  com¬ 
puting  the  band  required  for  the 
240-line,  24-frame  pictures,  that  is, 
the  formula  used  is  /  =  i  (no  lines)* 
X  aspect  ratio  X  (no.  pictures  per 
second),  where  the  aspect  (width  to 
height)  ratio  is  4/3,  and  f  is  the 
maximum  modulation  frequency. 

The  reasons  for  these  changes  in 
the  dimensions  are  simple.  The 
number  of  lines  was  increased  from 
240  to  343  to  improve  the  definition 
of  the  picture,  that  is,  to  increase 
its  entertainment  value.  The  odd 
number  343  was  chosen  to  permit 
oddline*  interlacing.  The  number  of 
frames  per  second  was  increased 
from  24  to  30,  because  30  is  a  sub¬ 
harmonic  of  the  60  cycle  power  fre¬ 
quency  on  which  all  practical  re¬ 
ceivers  must  depend  for  power.  The 
integral  relation  between  frame  fre¬ 
quency  and  power  frequency  avoids 
grave  difficulties  which  would  arise 
from  beats  between  the  hum  fre- 


Testing  definition  with  the  RCA  “Iconoscope".  The  degree  of  separation  of  the  con¬ 
verging  lines  indicates  the  horizontal  and  vertical  resolving  power  of  the  system 
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As  for  the  immediate  future,  it  is 
known  that  important  workers  in 
the  field  are  actively  considering  a 
further  increase  in  number  of  lines 
to  the  neighborhood  of  450  (441  for 
odd-line  interlacing,  or  450  if  even¬ 
line  interlacing  is  finally  decided 
upon).  This  increase  has  been 
dictated  by  two  factors:  a  desire  to 
improve  further  the  entertainment 
value  of  the  picture,  and  the  pros¬ 
pect  of  larger  pictures,  which  re¬ 
quire  a  somewhat  greater  degree  of 
detail  for  the  same  degree  of  satis¬ 
faction.  The  present  number  of 
frames  and  the  two-to-one  .scheme 
of  interlacing  seem  to  be  satisfac¬ 
tory;  it  seems  likely  that  they  will 
not  be  changed.  For  a  441-line,  30 
frame  picture  the  total  band-width 
required  for  transm  ssion  is  8.6  me., 
i.e.  a  maximum  modulation  fre¬ 
quency  of  4.3  me.  This  enormous 
band-width  is  considerably  wider, 
probably,  than  will  be  required.  For 
one  thing,  the  time  required  for 
synchronizing  (control  functions) 
has  been  reduced  from  about  10  per 
cent  to  only  a  few  per  cent.  In  the 
second  place,  Engstrom  and  others 
have  shown  that  equal  resolution  of 
the  picture  in  vertical  and  horizon¬ 
tal  directions  is  obtained  with  a 
band-width  oilly  0.64  times  as  great 
as  that  given  by  the  formula,  and 
that  maximum  economy  of  I'snd- 
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Details  of  the  Farnsworth  image-dissector 
tube  and  camera,  1936  model.  An  external 
view  of  the  camera  is  shown  on  the  oppo¬ 
site  page 


quency  and  the  picture  fre-  the  picture  and  is  extremely  annoy- 
quency,  resulting  in  a  shifting  “hum-  ing.  This  change  was  made  with 
pattern”*  which  has  no  relation  to  some  reluctance,  since  the  former 

value  of  24  per  second  permitted  the 
use  of  standard  motion  picture  film; 
whereas  the  30  per  second  rate  re¬ 
quires  special  film  or  a  complicated 
projector  system.  The  interlacing 
was  introduced  to  accomplish  a  re¬ 
duction  in  flicker,  with  such  good  re¬ 
sults  that  flicker  is  no  longer  a 
problem. 


*In  odd-line  interlacing,  alternate  frames 
displace  themselves  by  one-half  line  auto¬ 
matically,  since  each  frame  ends  on  a  half¬ 
line;  even-line  scanning  (on  which  ex¬ 
perimental  work  using  350  lines  is  also 
being  done)  uses  a  30 -cycle  oscillation  im¬ 
pressed  on  the  60-cycle  deflecting  wave.  The 
odd-line  system  is  more  stable  and  is  apt  to 
be  adopted  in  preference  to  the  even-line 
method,  but  both  are  now  under  considera¬ 
tion  by  various  workers.  Cf.  Reference  3. 

®See :  “Scanning  sequence  and  repetition 
rate  of  television  images,"  by  Kell,  Bedford 
and  Trainer,  Proc.  I.  R.  B.  24 :  4,  page  559 
(April  1936) 


June  1936  —  ELECTRONICS 


width  is  obtained  by  usinj?  this  c. 
factor.  If  this  is  done,  the  441-line  s 
30-franie  picture  can  be  transmitted  t 
in  a  band  about  5.5  me.  in  width,  t 
correspondinK  to  a  maximum  modu-  c 
lation  frequency  of  2.75  me.  t 

Whether  or  not  the  limit  in  de-  s 
sirable  detail  has  been  reached  in  a  r 
picture  of  441  lines  is  very  difficult  s 
to  say,  since  the  public  preference  c 
cannot  be  determined  without  trial,  i 
But  this  much  can  be  said :  a  picture  ( 
of  441  or  450  lines  Kives  all  the  de¬ 
tail  that  the  eye  can  use,  provided 
that  the  picture  is  viewed  from  a 
distance  four  times  as  threat  as 
picture  height.  For  a  picture  seven 
inches  high,  this  means  a  viewing 
distance  of  28  inches,  which  would 
seem  to  be  as  close  to  the  screen  as 
the  average  viewer  would  want  to 
get.  As  evidence  of  public  preference, 
the  seats  in  a  motion  picture  theater 
which  fill  up  first  are  those  situated 
a  distance  from  the  screen  equal 
to  four  times  the  picture  height.  Ap¬ 
parently  the  solid  angle  subtended 
at  the  eye  by  the  screen  under  these 
conditions  gives  a  satisfactory  com¬ 
promise  between  margin  distraction 
on  the  one  hand,  and  the  necessity 
of  moving  the  head  to  follow  the 
action  on  the  other. 

The  difficulty  of  utilizing  a  five 
me.  channel  has  long  been  appre¬ 
ciated.  In  the  first  place,  “flat” 
amplifiers  required  to  cover  this 
range  have  very  small  gains  per 
,  stage,  requiring  a  large  number  of 
tubes.  Likewise  nvodulation  at  high 
levels  over  this  range  is  extremely 
difficult;  the  modulation  reactor, 
for  example,  must  be  flat  within  a 
small  part  of  a  db  from  60  to 

12,500.(100  cycles.  In  the  receiver, 
likewise,  the  gain  per  i-f  stage  is 
small,  necessitating  large  numbers 
of  tubes.  It  appears  that  a  five  me. 
channel  provides  plenty  of  room 
into  which  the  art  can  expand  as  its 
circuits  are  improved. 

A  final  dimension  of  the  system, 
somewhat  less  fundamental  than 
the  others,  is  the  separation  be¬ 
tween  the  visual  and  audio  carrier 
frequencies.  If  a  five  me.  channel 
!  is  used  for  the  visual  signal,  the 
I  separation  between  sight  and  sound 
f  n^ust  be  more  than  2.5  me.  Other- 
=  wise  the  upper  sidebands  of  the 
I  sight  channel  will  interfere  with 
:  sound.  The  plan  now  in  favor 

is  to  have  each  visual  carrier 
grouped  with  its  associated  sound 
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carrier,  with  a  fixed  frequency 
separation  of  about  3  me.  between  power,  (output  from  two  802  tubes) , 
them.  In  this  manner,  tuning  for  with  a  directional  antenna,  was  used 
the  sound  carrier  will  automatically  to  direct  a  signal  to  the  receiver, 
center  the  receiver  circuits  on  distant  about  one  mile  air-line.  The 
the  visual  carrier.  This  necessary  camera  pick-up  was  a  conventional 
separation  adds  perhaps  another  Iconoscope,  scanned  343  lines,  30 
megacycle  to  the  total  width  of  the  frames.  The  signal  voltage  was  pre¬ 
sight  and  sound  channel,  or  a  total  amiplified  at  the  television  camera, 
of  six  me.  in  all.  Then  between  42  and  sent  over  a  short  length  of 
and  86  me.  (not  including  the  56-  coaxial  cable  to  the  main  amplifier 
60  me.  amateur  band  which  is  not  and  modulator.  The  apparatus  was 
available  for  television  use)  there  one  hundred  per  cent  electronic  in 
is  room  for  seven  channels.  That  is,  operation,  even  to  the  generation  of 
seven  television  stations  may  operate  synchronizing  impulses.  In  1933,  a 


fixed  frequency  last.  A  transmitter  of  thirty  watts 


simultaneously  in  a  given  area  with¬ 
out  causing  interference  with  one 
another,  w’ithin  the  experimental 
television  bands  as  they  are  now  as¬ 
signed.  The  short  interference 
range  (approximately  100  to  200 
miles)  will  permit  duplication  of 
these  channels  at  200  miles  separa¬ 
tions. 

Apparatus  and  Circuit  Refinements 

Aside  from  the  band-width  and 
dimensional  factors  discussed  above, 
very  considerable  advances  have 


revolving  disc  (containing  apertures 
through  which  light  was  admitted  to 
a  photocell)  was  used  for  produc¬ 
ing  the  highly  peaked  waveforms 
necessary  for  synchronizing;  now  a 
specially  constructed  tube  generator 
is  used  which  can  provide  even 
greater  accuracy  than  the  mechani¬ 
cal  method. 

The  visual  signal  (3  me.  total 
width)  was  sent  on  a  carrier  of  46 
me.,  and  contained  side-band  fre¬ 
quencies  from  60  cycles  to  1.5  me. 
The  receiver,  which  needs  a  signal 
level  of  about  5  mv/m  to  operate 
satisfactorily,  takes  both  sight  and 
sound  carriers  into  the  r-f  stage. 
An  oscillator  beats  with  the  two  car¬ 
riers  to  give  i-f  frequencies  of  10 
to  11.5  me.  for  the  sight  channel, 
and  8.75  to  9  me.  for  the  sound,  the 
latter  range  corresponding  to  a  high- 
fidelity  sound  program.  One  tuning 


Above,  unretouched  photo  of  a  343-line, 
30-frame,  5"  by  7"  television  image  taken 
at  a  distance  of  12  feet  from  the  cathode- 
ray  screen  with  a  Leica  camera,  f2.0,  1 
sec.  exposure.  The  photographic  enlarge¬ 
ment  (about  10  times)  has  destroyed  the 
detail,  hut  the  sharp  contrasts  now  avail¬ 
able  are  clearly  visible 

been  made  in  the  improvement  of 
detailed  parts  of  the  transmitting 
and  receiving  equipment.  These 
advances  can  best  be  illustrated  by 
a  description  of  equipment  viewed 
in  two  television  laboratories.  The 
first,  the  RCA  Victor  Research 
Laboratories  in  Camden,  were 
visited  by  the  editors  on  April  24 


Relation  bettveen  the  height  of  buildings  ( on  which  television  antennas  might  he 
placed)  and  the  horizon  distance,  which  is  an  npproxinuite  measure  of  the  radius  of 
the  service  area.  The  highest  building  in  each  of  seven  cities  is  included 


dial  controls  the  oscillator  and  r-f 
stage,  so  that  when  the  sound  is 
correctly  tuned,  the  visual  signal  is 
properly  aligned  with  respect  to  the 
i-f  of  the  sight  channel.  The  re¬ 
ceiver  contains  33  tubes,  including 
■the  high  voltage  rectifiers  which 
supply  6,000  volts  accelerating  volt¬ 
age  to  the  cathode  ray  “Kinescope.” 
The  cathode  ray  tube  is  mounted 
with  its  long  axis  vertical,  the  screen 
being  uppermost,  facing  upward  to¬ 
ward  the  top  of  the  console  and  pro¬ 
tected  by  a  shatterproof  glass  plate. 
A  front-refiecting  steel  mirror  is 
mounted  on  the  swinging  top  of  the 
console  so  that  the  image  is  re¬ 
flected  from  the  screen  of  the  tube 
outward  toward  the  viewer  in  front 
of  the  set.  Sound  controls  for 
volume,  high  and  low  frequency  tone 
are  provided,  sight 'controls  for  con¬ 
trast,  detail,  and  brightness,  syn¬ 
chronizing,  scanning  and  position 
controls  for  horizontal  and  vertical 
directions  and  a  focus  control,  mak¬ 
ing  a  total  of  14  knobs,  seven  on  the 
front  of  the  cabinet,  seven  under  the 
folding  top. 

The  “Kinescope,”  which  is  ex¬ 
pected  to  have  a  long  service  life, 
has  a  screen  composed  of  a  yellow- 
green  willemite  compound  of  ap¬ 
preciable  time  lag.  The  total  power 
drain  of  the  receiver  shown  was  350 
watts.  The  receiver  is  similar  to 
those  to  be  used  in  the  projected 
field  test,  described  below.  The 
pictures  received  (5  by  7  inches  in 
size)  were  of  excellent  contrast  and 
detail,  and  were  interfered  with  only 


slightly  by  the  ignition  systems  of 
passing  automobiles,  the  sound 
channel  being  apparently  more  ad¬ 
versely  affected  than  the  sight.  The 
receiver,  despite  its  highly  profes¬ 
sional  and  commercial  appearance 
was  manife.stly  an  experimental 
model. 

Among  the  advances  made  in  ap¬ 
paratus  are  several  rei)orted  by 
Philo  T.  Farnsworth.  In  the  “Image 
dissector”  tube,  which  serves  as  the 
photoelectric  pick-up  device  of  the 
television  camera  in  the  Farnsworth 
apparatus,  the  photoelectric  cathode 
has  now  achieved  a  sensitivity  of  50 
micro-amperes  per  lumen,  and  the 
electron  multiplier  in  the  tube  pro¬ 
vides  an  overall  gain  of  100,  com¬ 
pared  with  about  25  previously 
possible;  this  increa.se  has  been  ac¬ 
complished  without  increasing  the 
noise  level.  By  using  type  955  acorn 
tubes  in  the  head  amplifier  of  the 
dissector  tube,  considerable  increa.ses 
in  amplifier  efficiency  have  also  been 
gained. 

Considerable  research  has  been 
made  by  Farnsworth  and  others  into 
the  possibility  of  producing  a  white 
fluorescence  in  the  cathode-ray  tube 
screen.  A  combination  of  Willemite 
(green),  calcium  tungstate  (blue), 
and  zinc  borate  (yellow)  will  give  a 
brilliant  white  light.  In  using  such 
materials,  the  time-lag  of  each  com¬ 
ponent  must  be  matched  to  that  of 
the  others,  so  that  moving  objects 
in  the  field  do  not  appear  to  leave 
colored  trails  behind  them. 

The  high  quality  450-line  signal 


requires  an  electron  gun  of  great  ' 
capabilities,  which  will  give  a  very  j 
small  and  brilliant  spot,  and  which  ; 
can  be  modulated  accurately  over 
wide  ranges.  A  new  form  of  gun 
developed  by  the  Farnsworth  I.abora- 
tories  makes  use  of  small  emitting 
surface  operated  as  near  to  the 
.saturation  point  as  is  consistent 
with  g<x)d  grid  modulation,  with 
element  spacings  and  ai>erture 
diameters  designed  for  small  in¬ 
tense  beam  output. 

An  entirely  new  type  of  reproduc¬ 
tion  tube,  which  is  .still  very  much 
in  the  exi)erimental  stage,  is  the  .so- 
called  projection  tyi)e  of  tul>e.  In 
this  tube  the  .screen  is  not  fluores¬ 
cent,  but  is  compo.sed  of  a  special 
material  which  becomes  incandes¬ 
cent  under  the  action  of  the  electron  i 
current  in  the  cathode-ray  beam. 
The  picture  thus  formed  is  extremely 
brilliant,  and  can  be  readily  projected  j 
through  a  lens  .system  to  a  screen,  in  : 
the  manner  of  motion  pictures.  The  i 
difficulty  thus  far  encountered  is  the  i 
extremely  short  life  of  the  incandes-  : 
cent  material.  But  large  black-and- 
white  pictures  produced  by  this 
means  seem  to  be  coming. 

Larger  cathode-ray  tubes  are  als' 
being  made,  but  it  .seerrus  to  be  gen¬ 
eral  opinion  that  pictures  larger 
than  9  by  7  inches  can  be  produced 
in  cathode  ray  tul)e.s  only  at  great 
co.st  and  with  great  difficulty  in  con¬ 
trolling  the  light  .siK)t.  A  new 
process  developed  by  the  Corninir 
Gla.ss  Works  makes  it  ix)ssible  to 
fabricate  the  gla.ss  shell  of  the 
cathode-ray  tul)e  much  more  cheaply 
than  it  has  been  possible  heretofore. 
Briefly,  the  end-plate  (screen)  of  the 
tube  is  molded  separately  from  high 
quality  glass,  and  ♦hen  fused  to  the 
funnel-shaped  part  of  the  tube, 
which  may  be  of  much  inferior 
optical  quality.  What  the  expense 
of  a  good  cathode  ray  tube  will  be. 
under  production  methods  of  manu¬ 
facture,  is  hard  to  guess.  A  British 
tube  for  pictures  8  by  6  inches  is 
now  .selling  for  £12  ($60),  but  this 
price  is  probably  higher  than  that  of 
an  equivalent  American  product 
This  tube  produces  nearly  black-and- 
white  images. 

Scanning  and  synchronizing  cir¬ 
cuits  in  the  receiver  have  beer, 
greatly  improved.  The  .scanning 
sweep  circuits  are  so  nearly  linear 
that  the  distortion  introduced  by 
[Continued  on  page  53] 
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New  High-Frequency  Allocations 


Fetleral  Coniniunications  Coniiiiission  assigns  various  broadcast  services  new  space 
ill  tlie  ether,  gives  new  frequencies  to  television,  fixes  new  stability  requirements,  and  aids 
the  development  of  wavelengths  below  200  meters 


RecoKnizinK  the  fact  that  new 
broadcast  services  outside  the  rejru- 
lar  broadcast  band  are  daily  becom- 
injr  more  imminent  from  a  practical 
standpoint,  the  Federal  Communica¬ 
tions  Commission,  Broadcast  Divi¬ 
sion,  has  allocated  certain  frequen¬ 
cies  in  the  region  above  1500  kc.  on 
a  new  basis,  and  has  laid  down  new 
rules  yoverninK  television,  facsimile, 
relay,  foreign  broadcastinK,  rebroad- 
castinjr  and  other  entertainment 
transmissions,  in  an  order  adopted 
May  21. 

Televi»io» 

As  of  July  1,  existinjr  television 
stations  usinjr  the  2000-2100  and 
2750-2850  kc.  bands  will  be  required 
to  find  space  in  the  new  bands  of 
42-56  me.,  60-86  me.,  and  110  me.  and 
up  except  the  amateur  band  400  to 
401  me.  It  will  be  noted  that  all  tele¬ 
vision  stations  in  the  future  must  go 
on  the  ultra-high  frequencies  where, 
as  every  engineer  knows,  is  the  only 
possible  place  for  good  transmission 
of  high  quality  pictures.  The  region 
from  56  to  60  me.  is  now  occupied 
by  the  “5-meter”  amateur  band.  This 
new  allocation  amounts  to  an  in¬ 
crease  of  bandwidth  of  5  me.  given 
over  to  television. 

Facsimile 

Transmi.ssion  of  still  pictures  is 
recognized  as  a  future  possibility. 
No  definite  frequencies  are  a.ssigned, 
but  there  are  many  individual  chan¬ 
nels  and  small  bands  assigned  for 
experimental  broadcast  purposes  and 
on  these  channels  and  bands  may  go 
the  facsimile  experimental  stations. 
As  in  other  assignments  on  the  ex¬ 
perimental  basis,  facsimile  stations 
are  required  to  have  a  schedule  of 
research  and  development  carried 
out  by  capable  hands,  and  regular 
reports  on  the  progress  of  the  ex¬ 
periment  are  to  be  transmitted  to 
the  FCC. 


Of  most  immediate  importance  is 
the  assignment  of  5  groups  of  fre¬ 
quencies  for  use  of  “apex”  stations, 
or  broadcast  stations  operating  on 
frequencies  higher  than  25,000  kc. 
and  offering  a  high  fidelity  local  ser¬ 
vice.  In  this  classification  there  are 
already  several  stations  licensed  to 
operate  and  it  is  understood  that  40 
additional  stations  have  applied  for 
permits.  It  is  here  that  the  broad¬ 
cast  industry  must  look  for  more 
ether  space.  Group  A  is  around 
26,000  kc.  Group  B  is  about  26,500 
kc.  (Tho.se  groups  are  taken  from 
the  former  foreign  broadcast  assign¬ 
ments.)  Group  C  lies  between  31.6 
and  41  me.  Group  D  between  40.3 
and  41.8  me.  and  Group  E  is  in  the 
general  region  above  86  me.  Groups 
A  and  B  carry  bandwidths  of  30  kc. 
Group  C  and  E  will  have  an  assign¬ 
ment  of  30  kc.  for  amplitude  modu¬ 
lation  or  200  kc.  for  frequency  modu¬ 
lation.  Group  D  is  assigned  for  fre¬ 
quency  modulation  only.  Thus  the 
FCC  recognizes  the  merit  in  further 
experiment  on  this  method  of  modu¬ 
lation,  and  sets  aside  a  region  in 
which  this  work  can  take  place. 

Relay  Broadcast  Stations 

Where  wire  facilities  for  communi¬ 
cation  are  not  available,  programs 
and  orders  concerning  these  pro¬ 
grams  are  regularly  sent  by  high 
frequency  radio  to  the  broadcast  sta¬ 
tion  or  network.  There  are  five  re¬ 
gions  in  which  these  short  distance 
transmissions  may  take  place.  Li¬ 
censes  W'ill  be  issued  only  to  holders 
of  licenses  for  regular  broadcast  sta¬ 
tions,  thus  eliminating  the  possibility 
of  a  rental  system  being  built  up. 
Under  special  circumstances,  how¬ 
ever,  other  arrangements  may  be 
made,  so  that  temporary  authority 
may  be  granted  other  persons  to 
handle  this  kind  of  transmission. 
Authority  mu^  be  sought  from  the 
FCC  for  each  Transmission  by  relay 


broadcasting  and  essential  informa¬ 
tion  must  be  sent  as  to  the  hours  of 
operation,  etc. 

Frequencies  between  6,000  kc.  and 
26.6  me.  have  been  assigned  for  for¬ 
eign  broadcasting  since  the  Madrid 
Conference.  The  interesting  point 
about  the  regulations  as  of  July  1 
is  the  fact  that  no  licenses  will  be 
issued  for  stations  of  less  than  5  kw. 
in  power.  Here  the  FCC  realizes  the 
futility  of  cluttering  up  the  ether 
with  low  powered,  ineffective  trans¬ 
mitters.  Here  again  the  applicant  is 
required  to  have  a  program  of  re¬ 
search  and  experiment.  Channels 
between  25,625  and  25,875  kc.  are 
now  assigned  here. 

Rebroadcasting 

Stations  may  now  rebroadcast  pro¬ 
grams  originating  in  another  radio 
station  without  authority  of,  but 
with  notice  to,  the  FCC,  provided,  of 
course,  the  originating  station  is 
agreeable.  This  rule  is  applicable, 
however,  only  to  stations  existing  in 
the  present  broadcast  band  and  with 
programs  originating  in  this  coun¬ 
try.  No  station  outside  the  regular 
broadcast  band  may  rebroadcast  pro¬ 
grams  without  authority,  nor  may 
any  station  broadcast  foreign  pro¬ 
grams  without  authority  of  the  FCC. 

Special  Broadcast  Stations 

The  three  channels,  1530,  1550, 
1570,  assigned  for  research  and 
study,  have  all  the  regular  broadcast 
band  rules  applied  to  them.  The 
licensee  must  operate  his  station  in 
such  a  manner  that  its  upkeep  is 
reasonably  indei>endent  of  the  in¬ 
come  derived  from  the  transmission 
of  sponsored  programs. 

The  complete  spectrum  considered 
in  the  recent  orders  will  be  found  on 
the  next  page  with  the  new'  assign¬ 
ments  as  laid  out  by  the  orders  of 
May  21. 
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BROADCAST  SERVICE  ALLOCATIONS 

1.5  to  400  Megocyc'les 

As  set  up  by  the  Federal  Communications  Commission,  May  21,  1^)36 


CLASS  OF  SERVICE 

CLASS 

OF  SERVICE 

Frequency 

Special 

Re  lav 

Freaucncy 

Relay 

liqh-Frequency 

Visual 

Rcqion 

(High 

Pick-up 

xpcrimen'tal 

Repion 

nternational 

Pick-up 

xperimental 

^u  -  h  - 1  ^  ! 

Television) 

(Megacycles) 

Fideli+y) 

[Megacycles) 

' 

.ocal  Service 

1.500- 

1.530 

1.606  (B) 

1.614 

20.000- 

21.460(G) 

25.100 

2  5.9  50(A) 

2000 

1  550 

1.622  (a) 

30.000 

21.480(G) 

26.060(A) 

1.570 

1.646  (C' 

21.520(G) 

26.100(A) 

2.00C- 

2022  (B) 

,  2  396 

21.540(G) 

2  5  700 

2  6.1  50(A) 

4,000 

2.058  (A) 

2.398 

25.625(H) 

1 

2.090  (C) 

2400 

2  5.650(H) 

! 

2102(B) 

25.67  5  (h) 

26.000  j 

26400(B) 

2.150  (A) 

25.7  25(H) 

2  64  5  0(B) 

2.190(C) 

25.750(H) 

2  6.5  0  0(8) 

2,758  (B) 

3490 

25800(H) 

26.550(B) 

25.825(H) 

27.1  00 

2790(a) 

34  925 

In+ernational 

2830(C) 

3.4  95 

25.860(H) 

6.020(A) 

4.-'95 

258/5  (H) 

7.000 

b.04  0  (A) 

4  7975 

30.000- 

31.100(D) 

30  100 

3  1  600(C) 

6.060(a) 

4  800 

42  000 

31.1  00 

5  5  600(C) 

6.080(A) 

6.4  20 

3  1600 

38  600(C) 

6.100(A) 

6425 

33.100 

6.140(a) 

6.4  30 

34.600(D) 

34  600 

40.500(dI 

55600 

7.000  - 

9.510(B) 

8.650 

37.100 

4  1  000(C) 

12.000 

9.530(B) 

8.655 

37600(D) 

3  7.600 

4  1  200(D) 

9.570(B) 

8.660 

i  38.600 

4  1  600(0) 

9.590(b) 

40  100 

4  1  800(D) 

11.710(C) 

1  1.750(C) 

4  0.600(D) 

40600 

4  1.000 

1  1  770(C) 

M.790(C) 

42.000 

4  2.000  to 

1  1. 81  0(C) 

86.000  (except 

56.000 

1  1.830(C) 

56.000to  60000) 

60000  to 

1 1.850(C) 

86000 

1  1.870(C) 

1 

Above  86.000 

Any  four 

86.000 

Any  four 

Any  two  adj- 

1 1.890(C) 

t 

x.. 

1 

j 

(Except  4  00 

frequencies 

to 

frequencies 

ocent  fre- 

12.000- 

15.1  10(D) 

1 

1  12.855 

to  40 1) 

(0 

400.000 

(E) 

quencies  abow 

20.000 

15.150(D) 

12,8625 

- 

40  1.000 

MO  000(except 

15.170(D) 

12.870 

and  above 

400  to  401) 

15.190(D) 

15.210(D) 

NO!  ESI  International ; 

Where  desirable,  one  license  and  call  letters 

15230(D) 

can  authorize  one  frequency  from  each  required 

group 

1 5,250  (E) 

- 

(A,B,C,D,E,F,G,  and/or  H) ,but  not  for  simultaneous  operation 

15.270(E) 

- 

15.290(E) 

Relay  (Pick-up) 

Groups  A,  B.  C,  assigned  in  rotation  in  each 

15.316(E) 

metropolitan  area,  group  D  to  all  stations, group  E  on  request 

15.330(E) 

High-Frequency  (u-h-f )  !  Groups  A  and  B, 

amplitude  mpdulation 

17.760(F) 

17.300 

(30  kc.  max 

.  bandwidth),  groups  C  and  E, either 

amplitude 

17.780(F) 

17.310 

modola+ion  (30  kc.)  or  frequency  modulation  (200  kc .  max 

17.800(F) 

1  7.320 

bandwidth).  Group  D,  200kc.  f'"equency  modulation  only 
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Society  of  Motion  Picture 
Engineers  Spring  Meeting 


At  the  Sprint?  Meeting  of  the  So¬ 
ciety  of  Motion  Picture  Engineers 
many  papers  of  interest  to  sound  en¬ 
gineers  were  presented.  The  follow¬ 
ing  brief  summaries  are  of  those 
papers  which  have  especial  interest 
to  readers  of  Electronics. 

Burton  F.  Miller,  Warner  Broth¬ 
ers  First  National  Studio  presented 
data  showing  the  harmonic  distor¬ 
tion  in  variable  density  records.  He 
showed  that  low  frequency  distortion 
was  almo.st  exclusively  due  to  de¬ 
parture  of  the  overall  photographic 
gamma  from  unity,  while  the  distor¬ 
tion  at  high  frequencies  was  depen¬ 
dent  upon  the  velocity  of  the  light 
valve  ribbons. 

The  acoustic  design  of  music  scor¬ 
ing  stages  was  discussed  by  C.  M. 
Mugler  of  the  Acoustical  Engineer¬ 
ing  Company,  Los  Angeles.  A  scor¬ 
ing  stage  built  at  Columbia  Pictures 
Studio  was  described.  The  stage 
follows  a  new  innovation  in  archi¬ 
tectural  and  acoustic  design  ba.sed  on 
the  controlled  reflections  and  dif¬ 
fusions  of  sound  waves,  discarding 
the  "live  and  dead  end"  theory  of 
acoustic  design  which  has  been 
greatly  used  in  the  past. 

Further  data  on  studio  acoustics 
were  given  by  D.  P.  Loye  of  ERPI 
who  gave  rules  to  avoid  poor  quality 
when  using  more  than  a  single  mic¬ 
rophone  for  pick-up,  the  proper 
qualities  for  scoring  stages,  and  the 
benefits  of  proper  damping  of  studio 
walls  and  ceilings. 

A  uni-directional  microphone  to 
improve  the  ratio  of  direct  to  re¬ 
flected  sound.s  and  to  discriminate 
against  other  undesirable  sounds 
was  d(‘scribed  by  Harry  F.  Olson 
of  RCA  Manufacturing  Company.  It 
is  a  combination  of  the  bi-directional 
ribbon  microphone  which  is  a  pres¬ 
sure  gradient  instrument  in  which 
the  response  corresponds  to  the  vel¬ 
ocity  component  in  a  sound  wave, 
and  the  pressure  ribbon  microphone 
which  is  resistive  controlled  and 
whosf*  response  is  a  measure  of  the 
pressure  component  of  a  sound 
wave. 

Harry  H.  Hall,  Cruft  Laboratory, 
Harvard  University,  described  a 
sound  analyzer  built  at  Cruft  and 
explained  the  desirability  of  knowing 


the  frequency  and  amplitude  of  the 
various  components  and  the  phase 
relation  between  components  in  a 
sound  wave. 

The  theory  and  application  of  pho¬ 
toelectric  exposure  meters  was  cov¬ 
ered  by  A.  T.  Williams  of  the  Weston 
Electrical  Instrument  Company.  The 
elementary  theory  of  exposure,  the 
application  of  exposure  meters  to 
still  and  moving  picture  photog¬ 
raphy  and  to  black  and  white  as 
well  as  color  photography  were  dis¬ 
cussed.  His  aim  was  to  show  the 
user  how’  to  achieve  originality  in 
picture  making  by  means  of  the 
photoelectric  tool  now  in  so  many 
photographers’  hands. 

The  use  of  a  phototube  and  light 
beam  in  timing  horse  races  was  de¬ 
scribed  by  S.  M.  Honan  of  ERPI. 
The  electric  clocks  used  are  driven 
by  a  crystal-controlled  source  of  200- 
cycles.  These  clocks  are  photo¬ 
graphed  together  with  the  position 
of  the  horses  at  regularly  spaced  in¬ 
tervals  around  the  track. 

A  new  monitoring  telephone  re¬ 


ceiver  of  high  fidelity  characteristics 
was  described  by  Harry  F.  Olson  of 
RCA.  The  new  type  of  vibrating 
system  compensates  for  the  loss  of 
low  frequency  response  due  to  the 
normal  leak  between  the  ear  cap  and 
the  ear.  Uniform  response  is  main¬ 
tained  at  the  high  frequencies  by 
employing  a  system  of  small  effective 
mass  reactance.  Experimental  data 
as  obtained  on  an  artificial  ear  were 
given  showing  the  effect  of  the 
acoustic  leak  on  the  response  of  va¬ 
rious  types  of  telephone  receivers. 
Subjective  tests  were  also  described 
and  data  given  which  corroborate 
the  tests  on  the  artificial  ear. 

Barton  Kreuzer  cf  RCA  Manufac¬ 
turing  Company  read  a  paper  on  re¬ 
cent  improvements  in  variable-width 
recording  systems;  G.  A.  Morton 
and  G.  L.  Dimmick,  both  of  RCA 
Manufacturing  Company,  gave  pa¬ 
pers  already  described  to  some  ex¬ 
tent  in  Electronics.  Dr.  Morton’s 
papers  dealt  with  the  electron  micro¬ 
scope  (see  Electronics  November 
1935)  and  Mr.  Dimmick  described 
his  recent  work  with  the  use 
of  ultra-violet  light  in  recording 
on  film  (see  Electronics  March 
1936,  page  8  and  frontispiece  of 
this  issue). 


NEW  EFFICIENCY  IN  SOL.4R  HEAT  CONVERSION 


Dr.  C.  G.  Abbott,  left.  Secretary  of  the  Smithsonian  Institution,  with  his 
newly  developed  solar  engine  which  is  capable  of  utilizing  fifteen  per  cent 
of  the  energy  it  receives  from  the  sun 


electronics— June  1936 


33 


0 


TUBES  AT  WORK 
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CONTRIBUTIONS  to  the  art  of  making  tubes  work  are 
taken  this  month  from  the  I.R.E.  Convention  papers 
of  F.  H.  Shepard  and  H.  J.  Schrader.  Current  multipliers, 
light  intensity  indicators,  cathode  ray  tube  applications,  etc. 


Direct  Current 
Multiplier 

At  the  Cleveland  I.R.E.  meeting  in 
May,  this  year,  F.  H.  Shepard  of  RCA 
Radiotron  described  several  new  cir¬ 
cuit  kinks  which  will  be  useful  to  en¬ 
gineers  doing  unconventional  things 
with  electron  tubes.  One  such  circuit 
is  shown  in  Fig.  1.  This  is  useful  in 
the  measurement  of  small  phototube 
currents,  in  the  measurements  of  leak¬ 
age  currents,  or  any  other  small  cur¬ 
rents  in  high  impedance  circuits.  If 
test  condensers  are  connected  in  place 
of  Cl,  h  will  be  proportional  to  the  leak¬ 
age  of  the  condenser  expressed  directly 
in  units  of  resistance  per  unit  of 
capacity. 

The  circuit  operates  as  follows: — 
signal  current  U  discharges  condenser 
Ci;  after  the  charge  on  Ci  has  been  re¬ 
duced  to  a  certain  value  the  buffer 
stage  grid  voltage  will  allow  the  cur¬ 
rent  through  the  buffer  stage  to  be 
sufficient  to  create  enough  voltage  drop 
across  the  cathode  load  resistor  to  de¬ 
crease  the  bias  on  the  885  gas  triode 
and  cause  the  tube  to  “break-down”; 
then  Cj  is  discharged  and  is  then 
charged  in  the  opposite  direction  in  a 
manner  known  to  those  familiar  with 
the  operation  of  gas  triode  relaxation 
oscillators  to  a  value  equal  to  Ei 
minus  twice  the  tube  drop.  While  Ci 
is  being  discharged  through  the  885, 
Cs  holds  the  cathode  of  the  buffer  stage 


at  an  essentially  constant  potential  and 
Cl  is  charged  to  a  potential  equal  to 
the  potential  change  across  C2,  modified 
by  a  factor  Fi  determined  by  the  posi¬ 
tion  of  the  slider  on  R^.  This  is  true 
when  the  plate  potential  of  the  buffer 
stage  is  adjusted  so  that  the  885  breaks 
down  at  the  instant  that  the  control 
grid  starts  to  draw  grid  current.  This 
adjustment  can  be  made  by  varying  the 
slide  on  until  the  885  ceases  to  re¬ 
lax  and  then  backing  off  on  the  control 
slightly.  The  output  meter  .1/,  reads 
/i  +  h  and  meter  A/,  reads  h  —  I,,  but 
as  h  is  usually  extremely  small  com¬ 
pared  to  /j,  /i  -f  /,  and  I,  —  /,  can  be 
generally  considered  equal  to  /»  and  the 
equation. 

1 1  Ci 

/*  ”  C, 

can  be  written  without  appreciable 
error  as 

/,  C, 

- =  -  F. 

/j  +  /i  Cj 

/.  c, 

It  —  I  \  Cj 

Grid  to  cathode  and  grid  to  plate 
capacities  of  the  buffer  stage  or  any 
capacities  in  the  input  circuit  are  not 
to  be  considered  a  part  of  Ct  in  the 
computation  of  the  current  ratios  in 


the  circuit.  When  the  885  discharges 
Cj,  Cl  is  charged  as  explained  above 
to  a  voltage  equal  to  the  voltage  change 
across  Cj  times  F,.  .\fter  is  allowed 
to  charge  back  to  normal  through  re¬ 
sistor  the  charge  across  Ci  is  al¬ 
lowed  to  distribute  itself  between 
and  Cj.  without  changing  its  actual 
value.  Cj.  is  the  sum  of  all  the  ca¬ 
pacities  from  grid  to  ground,  this  in¬ 
cludes  the  capacities  of  the  grid  to 
plate  and  grid  to  cathode  of  the  buffer 
stage  and  the  capacities  in  the  signal 
current  source.  Since  this  is  true  a 
definite  current  will  remove  this  charge 
in  a  definite  time  regardless  of  the 
size  of  Cj. 

The  most  accurate  form  of  the  ex¬ 
pression  for  current  ratios  in  this  cir¬ 
cuit  is 

/(  C, 

_  = - (F.)  (F  ) 

It  Ct 

The  accuracy  of  this  formula  is  prob¬ 
ably  as  great  as  the  accuracy  of  the 
reading  of  the  output  meter,  when  / 
is  equal  to  the  meter  reading  Mt  minus 
/i,  or  I-j  IK  e<iual  to  (.l/i  -f  M~)  /2.  when 
Fi  is  a  correction  factor  due  to  the  .s<'t- 
ting  of  the  slider  on  potentiometer  /?,. 
and  F,  is  a  correction  factor  due  to 
the  time  of  conduction  per  cycle  of  the 
885. 

Practically  all  of  the  time  Ci  is  be¬ 
ing  discharged  by  h  the  plate  current 
of  the  buffer  stage  is  zero.  This  means 
that  there  can  be  no  gas  current  to 
the  grid  during  this  time.  The  heater 
voltage  of  the  buffer  stage  is  lowt-red 
to  reduce  the  grid  emission,  and  the 
heater  is  returned  to  a  potential  posi¬ 
tive  with  respect  to  the  grid  of  the 
buffer  stage  to  avoid  the  possibility  of 
emission  from  the  heaters  to  the  grid. 


Fig.  1.  Circuit  for  Mr.  Shepard’s  direct  current  multiplier 


Capacity  Operated 
A-C  Relay 

Anotheji  of  Mr.  Shepard’s  circuits  is 
in  Fig.  2  which  shows  a  new  and  simple 
form  of  capacity  operated  relay  that 
can  be  made  up  cheaply  from  standard 
radio  parts.  In  this  a-c  circuit,  the 
sensitive  element  is  a  pentode  oscil¬ 
lator,  the  feed  back  of  which  is  dcte’’- 
mined  by  the  difference  in  the  ratio 
between  the  inductances  of  the  two 
parts  of  the  oscillator  and  the  ratio 
between  Ci  and  the  antenna  to  ground 
capacity.  The  intensity  of  oscillation 
varies  with  a  change  of  Ci  or  a  change 
in  the  antenna  to  ground  capacity  Ci. 
As  the  cathode  of  the  oscillator  is  at 
an  r-f  potential,  and  as  the  control  grid 
of  the  output  tube  is  bypassed  for  high 
frequencies  to  the  cathode,  a  negative 
d-c  voltage  equaf  to  the  peak  r-f  volt¬ 
age  on  the  cathode  of  the  6J7  will  be 
across  the  grid  leak  and  condenser  due 
to  the  rectifying  action  of  the  grid  of 
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WHAT  IS  LEISURE  WORTH? 


Every  man  has  a  right  to  time  to  think. 

Leisure  time  is  the  hand-maiden  of  efficiency.  In  this  plant 
you’ll  find  no  machines  to  count  the  number  of  turns,  the 
units  dropping  into  a  hopper,  or  some  other  check  of  the 
day’s  run. 

We  believe  in  time  out  to  think  about  quality.  We  know 
our  staff  is  more  efficient  because  it  is  not  driven  by  a  stop¬ 
watch. 

We  do  not  talk  in  1920  or  1929  terms.  Our  team  is  a  bit 
over  one  year  old.  There  are  no  cobwebs  in  our  attic. 


SUPERIOR  TUBE  CO. 


Norristown,  Pa. 


25  MILES  FROM  PHILADELPHIA 


100  " 


NEW'  YORK  CITY 


MANUFACTURERS  OF 

FINE  SEAMLESS  TUBING 

IN  SMALL  SIZES 
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Fig.  2.  A  capacity  operated  relay  made  from  cheap  parts 


the  25A6  and  will  thus  appear  on  the  value  to  control  the  desired  sensitivity 
grid  of  the  25A6.  The  6J7  oscillates  range  of  the  relay, 

at  high  frequency  on  one  half  of  the  As  the  6J7  conducts  on  only  one 
a-c  cycle  and  builds  up  this  negative  half  of  the  a-c  cycle  it  acts  as  a  recti- 
charge  on  the  grid  of  the  output  tube,  fier  and  so  a  negative  d-c  potential  is 
During  this  time  the  output  tube  has  built  up  on  its  plate.  This  negative 
negative  plate  voltage  and  is  non-  d-c  potential  is  suitable  for  use  as  bias 
conducting.  On  the  other  half  of  the  and  signal  for  the  output  stage.  The 
a-c  cycle  the  6J7  oscillator  has  negative  plate  of  the  6J7  is  returned  through 
plate  voltage  and  so  ceases  oscillating,  its  load  to  a  point  on  the  voltage  divider 
The  negative  charge  built  upon  the  grid  (one  side  of  the  heater  of  the  25A6) 
of  the  output  tube  does  not  have  time  so  that  it  will  not  be  necessary  for  the 
to  leak  off  during  this  interval  and  6J7  to  be  cut  off  to  obtain  a  zero  work- 
hence  is  effective  in  controlling  the  ing  bias  on  the  grid  of  the  25A6  out- 
plate  current  of  the  output  tube,  the  put  tube.  This  allows  the  6J7  to  be 
plate  voltage  of  which  is  positive  dur-  operated  about  the  center  of  its  char¬ 
ing  this  interval.  acteristic.  As  the  output  of  the  6J7 

This  type  of  circuit  finds  its  applies-  buffer  stage  has  relatively  low  im- 
tion  in  connection  with  door  openers,  pedance  it  is  suitable  for  driving  the 
counters,  etc.  and  has  even  been  used  grid  of  the  25A6  output  stage,  which 
as  a  foul  line  indicator  for  bowling  in  turn  is  capable  of  handling  rela- 
alleys.  tively  large  amounts  of  power  to  oper¬ 

ate  a  relay. 

Two  Stage  A.C.  Operated 
Photo  Relay 

Figure  3  shows  a  simple  two  stage 
photo-amplifier  relay  circuit  operating 
directly  on  the  a-c  line  and  made  up 
only  of  one  voltage  divider  resistor, 
one  plate  load  resistor  and  three  con¬ 
densers.  The  circuit  consists  of  a  high 
impedance  phototube  feeding  through  a 
voltage  amplifier  or  buffer  stage  into  a 
power  output  stage.  The  filament  volt¬ 
age  of  the  buffer  stage  has  been  re¬ 
duced  to  reduce  the  temperature  of  Fig.  3.  Two  stage  photo  relay 

and  hence  the  electron  emission  from 
the  grid.  The  plate  current  of  the 
buffer  stage  is  kept  at  a  minimum  to 
reduce  the  electron  bombardment  of  the 
gas  molecules  within  the  tube  and 
hence  the  gas  current  to  the  grid. 

The  bias  to  the  grid  of  the  buffer  stage 
is  obtained  by  grid  rectification.  This 
method  of  obtaining  the  grid  bias  keeps 
the  effective  bias  or  plate  current  of 
the  tube  constant  regardless  of  large 
fluctuations  in  contact  potential  be¬ 
tween  the  grid  and  the  cathode.  The 
impedance  of  Ci  acts  as  a  load  im¬ 
pedance  for  the  phototube,  i.e.,  Ci  is 
charged  up  to  a  definite  negative  poten¬ 
tial  on  one  half  of  the  a-c  cycle  and 
is  allowed  to  discharge  through  the 
phototube  on  the  other  half  of  the 
cycle.  The  amount  that  is  discharged 
by  the  phototube  determines  the  work¬ 
ing  potential  on  the  grid  of  the  buffer  5.  Characteristics  on  which 

stage.  Cl  can  be  set  to  any  deeired  Fig.  4  is  based 


This  circuit  finds  its  principal  use  In 
applications  where  relatively  small 
amounts  of  light  are  available  and 
where  light  variations  last  not  less  than 
one  tenth  of  a  second. 

Sensitive  Light 
Intensity  Indicator 

Figure  4  shows  a  sensitive  photo¬ 
amplifier  circuit  that  can  be  us^  for 
accurately  matching  the  intensities  of 
amounts  of  light.  With  this  circuit 
it  is  possible  to  indicate  light’  differ¬ 
ences  or  changes  which  may  amount 
to  small  parts  of  one  per  cent.  In 
this  circuit  arrangement  the  high  im¬ 
pedance  954  pentode  acts  as  a  load 
impedance  for  the  919  high  impedance 
vacuum  type  phototube.  It  can  be  seen 
by  reference  to  Fig.  5  that  the  poten¬ 
tial  of  the  common  connection  between 
the  919  and  the  954  is  determined  by 
the  intersection  of  the  954  and  919 
characteristics.  It  is  also  evident  that 
a  small  change  of  light  on  the  photo¬ 
tube  will  result  in  an  output  of  several 
volts.  This  output  voltage  is  applied 
to  the  grid  of  a  38  output  tube  th* 
plate  current  of  which  is  indicated  on 
a  200  microampere  meter.  As  the 
phototube  with  the  954  load  has  an 
extremely  high  output  impedance  it  is 
necessary  to  operate  the  38  so  that  its 
grid  input  impedance  is  extremely  high. 
To  reduce  the  grid  emission  to  a  mini¬ 
mum,  the  voltage  to  the  heaters  of  the 
38  and  the  954  is  reduced  to  4  volts. 

The  possibility  of  emission  from  the 
heaters  to  the  grid  is  eliminated  by 
operating  the  heaters  at  a  potential 
positive  with  respect  to  the  plate  of 
the  954  and  the  grid  of  the  38.  Gas 
current  to  the  grid  of  the  38  is  kept 
at  a  minimum  by  keeping  the  potentials 
within  the  38  low  to  minimize  the 
ionization  of  any  gas  that  may  be  in 
the  tube.  As  all  of  the  high  impedance 
external  connections  are  made  to  elec¬ 
trodes  brought  out  to  the  tops  of  the 
tubes  external  leakages  are  reduced  to 
a  minimum.  External  leakage  can  be 
greatly  reduced  by  carefully  cleaning 
the  tubes  and  coating  them  with  a  non- 
hygroscopic  wax.  This  can  be  done  by 
dipping  the  tubes  in  hot  oeresin  wax 
and  holding  them  under  the  surface  of 
the  wax  until  the  greater  part  of  the 
moisture  on  the  glass  is  boiled  off. 
Care  should  be  taken  not  to  scorch  the 
wax.  Ceresin  wax  has  long  been  used 
by  research  men  for  reducing  the 
effects  of  moisture  on  leakages  in  high 
impedance  d-c  circuits.  Dr.  H.  C. 
Rentschler  of  Westinghouse  Lamp 
Company  has  very  kindly  made  avail¬ 
able  the  information  on  the  use  of 
ceresin  wax. 

Variable  Range  Light 
Variation  Indicator 

A  PHOTO-AMPLIFIER  such  as  the  follow¬ 
ing  finds  its  application  as  a  densi¬ 
tometer  for  use  in  connection  with  the 
analysis  of  photographically  recorded 
spectrums,  or  for  use  in  connection 
with  a  suitable  monochrometer  or  light 
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2  to  4  Times”  Better 
Low-loss  Material 


A  LONG-STAM)I.N(;  difliculty  in 
▲  m  designing  high-fre<|iieney  in¬ 
struments  has  ht'en  to  obtain  an 
insulating  material  eoinhining  the 
necessary  electrical  characteristics 
with  hijihlv  (lesirahle  niechanieal 
j(ro|»erties.  Today,  this,  ainl  a  grow¬ 
ing  nuinher  of  similar  prohlenis. 
are  (inding  complete  solution  in 
special  low-loss  Raktdite  Alolded 
materials. 

A  typical  applieatimi  <»f  low-loss 
Hakclite  Mohle«l  is  the  I.<*eds  & 
Northrop  high-precisiim,  high- 
frc^piem-y  resistance  hox  illustrated. 
Drums  carrying  the  resistors  were 
formed  of  this  material.  The  man¬ 
ufacturer  explains:  "A  great  many 
molded  materials  were  tested  for 
jihase  angle  and  diele<‘trie  constant. 
These  characteristics  of  low-loss 
Bakelite  Nlohled  were  hetween  two 
and  four  times  as  good  as  those  of 
the  next  hest  materiar*. 


Electrical  entrineers  and  designers 

r*  c* 

will  find  it  worth-while  to  learn 

more  about  the  various  Bakelite 
Materials  ayailable.  Write  for  our 
informative  booklets  13AI,”Bakelite 
Molded”,  13V,  "Bakelite  Varnish”, 
and  13L,  "Bakelite  Laminated”. 


-  '<■-  In  addition  to  low  power  factors 

practically  unaffected  by  24-hour 
water  immersion,  low-loss 
Bakelite  Mohled  proyides  the  same 
desirable  strength,  toughness,  per- 
manent  accuracy  of  form  and  di- 
mension,  and  resistance  to  moisture, 
wear,  heat  and  oil  that  standard 
'  Bakelite  Materials  possess.  Its  high 
volume-resistivity  decreases  less 
''  with  rising  temperatures  than  that 

Jjf  materials  commonly  em- 

r  _  ..  J  ployed. 

CORPORATION,  247  PARK  AVENUE 

RATION  OF  CANADA.  LIMITED.  163  D  o  1 1  •  r  i  n  Slr««t. 


(Top)  Durable,  permanently  accurate  drum 
of  low -loss  Bakelite  Molded  employed 
in  Leeds  &  Northrup  high  frequency  resis¬ 
tance  boxes.  (Left)  Assembly  of  6-drum 
L.  &  N.  instrument  showing  resistors  and 
drums  in  place. 
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filter  as  a  means  of  measuring  the 
absorption  lines  or  the  concentration  of 
certain  chemicals  in  solution.  These 
are  only  two  of  a  larg^e  number  of 
possible  applications  for  this  type  of 
circuit. 

It  is  sometimes  desirable  to  reduce 
the  sensitivity  of  Fig.  4  to  small  per¬ 
centage  changes  of  light.  This  can  be 
done  to  any  desired  degree  by  varying 


Fig.  6.  Variable  sensitivity 
light  indicator 


the  plate  characteristics  of  the  954  be¬ 
tween  that  of  a  pentode  and  that  of  a 
triode.  This  can  be  done  in  the 
arrangement  shown  in  Fig.  6,  by  prop¬ 
erly  adjusting  Pi  and  P,  to  control  the 
relative  potentials  on  the  control  and 
screen  grids.  When  the  No.  2  grid  of 
the  954  is  positive  with  respect  to  the 
cathode,  the  954  has  a  high  impedance 
pentode  characteristic  and  changing  the 
No.  1  grid  bias  changes  the  height  of 
the  characteristic,  as  shown  in  Fig.  7 
by  the  curves  No.  1  and  No.  2.  As 
the  potential  of  the  No.  2  grid  is  made 
more  negative  the  characteristic  of  the 
954  changes  to  that  shown  by  curve 
No.  3.  With  zero  bias  on  the  No.  1 
and  the  No.  2  grids  the  characteristic 
curve  is  as  shown  by  curve  No.  4. 
When  a  negative  bias  is  placed  on  the 
No.  2  grid  the  shape  of  the  character¬ 
istic  is  unchanged  but  it  is  shifted 
along  the  voltage  axis  as  shown  by 
curve  No.  5.  If  the  No.  1  grid  is 
biased  positively  the  slope  of  the  char¬ 
acteristic  is  increased,  curve  No.  6 
shows  the  effect  of  positive  bias  on  the 
No.  1  gn*id  (bias  on  the  No.  2  grid  for 
this  curve  is  zero).  Placing  a  negative 
bias  on  the  No.  2  grid  shifts  this  char¬ 
acteristic  along  the  axis  as  shown  by 
curve  No.  7. 


Fig.  7.  Variation  of  sensitivity 
of  Fig.  6 


Thus  the  954  phototube  load  can  be 
adjusted  to  give  practically  any  desired 
positive  impedance  load  at  any  desired 
current  and  at  any  desired  voltage 
across  the  tube.  The  full  scale  reading 
of  the  output  meter  can  be  made  to 
cover  a  fraction  of  a  per  cent  light 
variation,  a  100  per  cent  light  variation 
or  any  desired  amount  between  these 
two  extremes. 


Cathode  Ray  Tube 
Applications 

The  FOLX.OWING  material  is  due  to  H.  J. 
Schrader  of  RCA  Victor,  and  is  a  con¬ 
densed  version  of  his  paper  delivered 
at  the  I.R.E.  annual  convention  in 
Cleveland,  May  1936. 

Using  a  standard  3-inch  oscillograph, 
Mr.  Schrader  described  how  it  may  be 
applied  to  the  measurement  of  vibra¬ 
tion,  for  torsional  measurements  and 
strains  and  to  the  measurements  of  en¬ 
gine  pressures.  The  intermediate  ap¬ 
paratus  which  translates  the  mechani¬ 
cal  variation  into  electrical  currents  or 
voltages  is  the  Rochelle  salt  crystal 
which,  as  is  well  known,  is  strongly 
piezo-electric.  Through  cooperation 
with  the  Brush  Development  Company, 
in  Cleveland,  RCA  Victor  has  developed 
a  vibration  pickup  unit  useful  for  me¬ 
chanical  vibration  study. 

For  example,  the  measurements  of 
torque  twist  and  torsional  vibration  of 
shafts  is  a  problem  to  which  the  oscil¬ 
lograph  may  be  readily  adapted.  For 
these  measurements,  two  eddy  current 
alternators  are  mounted,  one  on  each 
end  of  the  shaft  to  be  studied.  The  out¬ 
put  of  one  alternator  is  connected  to 
the  vertical  deflection  amplifier  of  the 
oscillograph  and  the  other  to  the  hori¬ 
zontal  deflection  amplifiers.  The  fig¬ 
ure  which  will  appear  on  the  screen 
when  the  shaft  is  rotated  will  indicate 
the  phase  relationship  of  the  two  al¬ 
ternators. 

The  shaft  is  first  run  with  no  load 
applied  and  the  stator  of  one  of  the 
alternators  shifted  until  the  two  volt¬ 
ages  are  in  phase  as  indicated  by  a 
diagonal  straight  line  on  the  screen.  If 
a  load  is  then  applied  the  shaft  will 
twist,  causing  the  voltages  from  the 
two  alternators  to  become  out  of  phase, 
and  the  pattern  will  be  an  ellipse  or  a 
circle.  The  stator  of  one  of  the  alter¬ 
nators  may  then  be  shifted  until  the 
pattern  again  becomes  a  straight  line. 
The  angular  shift  required  is  the  angle 
of  torque  twist  of  the  shaft.  The  ac¬ 
curacy  of  this  measurement  may  be 
made  as  great  as  desired  by  designing 
the  alternators  with  a  large  number  of 
poles. 

If  torsional  vibration  is  occurring  the 
pattern  on  the  screen  will  vary  rapidly 
in  shape  and  form  a  bright  circular  or 
elliptical  spot.  If  now  the  alternator 
stator  is  shifted,  two  positions  will  be 
found  where  the  pattern  will  open  up 
in  the  center  and  a  dark  line  appear. 
The  angle  between  these  two  positions 
is  the  total  angle  of  torsional  vibration. 

To  measure  the  frequency  of  this 
vibration  the  two  alternators  are  con¬ 
nected  in  series  and  the  resultant  volt¬ 
age  applied  to  the  vertical  deflection 
amplifier.  Either  the  timing  axis  oscil¬ 
lator  of  the  oscillograph  or  a  beat  fre¬ 
quency  oscillator  may  be  used  to  sup¬ 
ply  the  horizontal  deflection.  The 
alternator  stator  should  be  set  for 
averag^e  in-phase  position  and  the  pat¬ 
tern  will  then  be  that  of  a  modulated 
wave.  The  envelope  of  this  pattern 
represents  the  frequency  of  the  tor¬ 


sional  vibration  and  may  be  measured 
by  either  calibrating  the  timing  axis 
oscillator  or  if  the  beat  frequency 
oscillator  is  used  may  be  read  directly. 

Torsional  measurements  made  in  the 
manner  described  are  both  rapid  and 
accurate.  The  alternator  rotor,  being 
made  of  aluminum,  adds  little  to  the 
weight  of  the  shafts  being  measured 
and  so  do  not  appreciably  affect  their 
performance.  Very  little  power  is  re¬ 
quired  to  drive  the  alternators  so  if 
they  are  made  an  appropriate  mechan¬ 
ical  size  they  may  be  applied  to  even 
very  small  rotating  machinery. 

Engine  Presunre  Diagrams 

One  of  the  most  important  applica¬ 
tions  found  for  the  oscillograph  is  that 
of  plotting  engine  pressure  diagrams. 
Present  methods,  while  very  accurate 
at  low  speeds,  become  increasingly  in¬ 
accurate  at  the  higher  engine  speeds 
and  are  not  usually  usable  above  3,500 
RPM.  The  cathode  ray  o.scillograph 
equipment  designed  for  this  use  is  not 
accurate  at  speeds  below  1,000  RP.M 
but  its  upper  limit  of  accuracy  is  well 
above  10,000  RPM  and  could  readily 
be  raised  .still  higher  if  desired. 

If  a  quartz  crystal  is  properly  cut 
with  respect  to  its  optical  and  electrical 
axes  and  pressure  is  applied  to  its  two 
faces,  a  charge  will  appear  on  these 
faces.  The  amount  of  this  charge  is 
directly  proportional  to  the  pressure 
applied  and  will  vary  directly  as  the 
pressure  varies. 

If  no  leakage  exists  the  voltage  dif¬ 
ference  between  the  two  faces  of  the 
crystal  will  be  inversely  proportional 
to  the  capacity  between  them.  Thi.> 
voltage  may  be  applied  to  the  grid  of 
an  amplifier  and  thus  raised  to  the 
proper  level  to  deflect  the  cathode  ray 
beam.  Because  it  is  impossible  to  pro¬ 
duce  vacuum  tubes  with  infinite  input 
resistance,  some  leakage  will  always 
exist.  To  prevent  errors  from  thi- 
source  it  is  neces.sary  to  parallel  the 
crystal  capacity  with  a  rather  large 
external  capacitor.  Phis,  of  course, 
will  decrease  the  sensitivity  of  the  unit 
but  by  proper  choice  of  condenser  and 
tube  input  resistance  practical  values 
have  been  found  which  do  not  require 
excessive  amplifier  gains. 

The  pressure  unit  consi.sts  essentially 
of  two  quartz  crysUls  mounted  with 
their  electrodes  in  a  stainless  steel  tube. 
One  end  of  this  tube,  s«*aled  with  a  steel 
diaphragm,  is  introduced  into  the  cyl¬ 
inder  of  which  the  pressure  diagram 
is  to  be  taken.  The  unit  has  been  so 
designed  that  it  may  be  screwed  into 
the  cylinder  until  the  diaphragm  is 
flush  with  the  cylinder  wall  and  the  vol¬ 
umetric  capacity  of  the  cylinder  thus 
remains  unchanged. 

The  crystals  are  slightly  tapered  a> 
used  to  prevent  their  high  surfaces 
from  grounding  on  the  steel  shell  of  the 
unit,  thus  no  insulation  other  than  that 
afforded  by  the  crystals  themselves  is 
required  and  the  insulation  resistanrt 
of  the  unit  is  very  high.  The  unit  is 

[Continued  on  page  fi5] 
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Resistance  and  tolerance  color  bands  completely  encircling  Erie  Insu¬ 
lated  Resistors  make  for  instantaneous  identification  of  resistance  value 
regardless  of  resistor  position — an  aid  for  speeding  up  assembly. 

The  tough  ceramic  insulating  case  with  stable  physical  characteristics 
gives  positive  insulation  at  any  location  in  the  chassis  and  permits  shorter, 
more  direct  leads. 

And  with  their  uniform  operating  characteristics  and  conservative 
ratings,  Erie  Insulated  Resistors  have  been  and  are  doing  a  real  job 
in  the  industry. 


ERIE  RESISTOR 
CORPORATIOH 


CARBON  RESISTORS 

and  suppressors 


AUTOMATIC  INJECTION 
MOLDING 


TORONTO 


LONDON 
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THE  ELECTRON  ART 


^■ACH  month  the  world’s  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  for 
presentation  in  tabloid  form  to  Electronics’  readers. 


Modem  Methods 
of  Modulation 

[J.  Loeb,  French  Post  Office].  Modula¬ 
tion  is  as  a  rule  carried  out  in  the  last 
amplifying  tube  which,  when  acted 
upon  by  two  separate  waves,  the  car¬ 
rier  and  the  a-f  wave,  produces  in  the 
grid^  circuit  or  in  the  plate  circuit  an 
r-f  "wave  whose  otherwise  constant 
amplitude  C  changes  in  the  rhythm  of 
the  audio  currents  of  amplitude  A. 
The  modulated  wave  owes  its  proper¬ 
ties  to  non-linear  relations  in  the  grid 
or  plate  circuit. 

The  methods  for  producing  the 
modulated  wave  are  even  more  varied 
than  the  methods  used  for  detection. 
A  method  extensively  used  in  Germany 
is  to  add  the  a-f  voltage  over  a  trans¬ 
former  to  the  r-f  voltage  in  the  grid 
circuit  (grid  voltage  modulation),  the 
grid  bias  remaining  constant  and  such 
as  to  cause  either  class  A,  B,  or  C 
amplification.  Another  method  of  grrid 
circuit  modulation  is  to  use  the  a-f  cur¬ 
rent  supplied  by  a  tube  for  varying  the 
grid  bias  at  a-f  (grid  d-c  modulation), 
with  or  without  adding  an  additional 
grid  bias  E  for  cutting  off  the  plate 
current. 

These  two  principles  can  also  be  ap¬ 
plied,  after  the  amplification  of  the 
r-f,  to  plate  circuit  modulation.  Either 
the  modulated  wave  is  produced  by 
superimposing  upon  the  d-c  plate  volt¬ 
age  an  alternating  voltage  that  varies 
at  the  a-f  to  be  transmitted,  the  actual 
voltage  fluctuating  about  the  average 
value.  Providing  that  the  tube  be 
operated  in  a  regpou  of  the  Ip — E, 
curve  in  which  the  voltage  drop  in  the 
load  is  proportional  to  the  plate  volt¬ 
age,  the  amplifier  generates  the  desired 
modulated  wave  in  the  antenna.  In 
the  second  method  of  plate  circuit 
modulation  the  plate  current  is  made 
to  flow  directly  through  the  tube 
supply  the  a-f,  and  acting  as  a  vari¬ 
able  resistance,  the  a-f  transformer 
being  dispensed  with.  The  cathode  of 
this  tube  which  acts  as  modulator  must 
be  able  to  stand  high  voltages. 

In  grid  circuit  modulation  the  volt¬ 
age  E  of  the  plate  battery,  and  the 
load  R  in  the  tuned  plate  circuit  re¬ 
main  at  their  constant  value.  In  plate 
voltage  modulation,  the  conditions  in 
the  grid  circuit  and  the  load  remain 
constant  while  E  varies  owing  to  the 
addition  of  the  a-f  voltage.  A  third 
possibility,  therefore,  is  to  keep  grid 
and  plate  voltages  constant,  but  to 
vary  R  by  acting,  for  instance,  upon 


the  phase  relations  (Chereix  modula¬ 
tion,  used,  for  instance,  by  Radio- 
Paris,  76  kw.  and  Luxembourg,  150 
kw.),  or  by  using  the  variable  re¬ 
sistance  of  a  tube. 

The  plate  current  consists  in  every 
case  of  a  d-c  component  /•,  and  alter¬ 
nating  components  of  amplitude  h.  It, 
etc.,  of  a  frequency  equal  to  the  audio 
wave  supplied  and  possible  higher 
harmonics.  The  d-c  power  supplied  to 
the  amplifying  tube  is  equal  to  Wt 
=  Elt;  the  a-c  power  which  may  be 
used  for  sending  is  equal  to  TVi  =  RI\/2 
when  higher  overtones  are  disregarded, 
so  that  the  efficiency  is  in  the  case  of 
an  unmodulated  wave  equal  to 

fVi  RIi  /. 

ff'o  E  2/o 

The  first  factor  in  this  product  refers 
to  the  potential  drop  RI,  and  the  volt¬ 
age  E  of  the  source,  with  RI  always 
smaller  than  E,  in  practice  often  not 
larger  than  0.8E.  The  second  factor 
depends  on  the  wave-shape  of  the  plate 
current.  When  class  B  amplification 
is  used,  so  that  the  operating  point  is 
near  the  lower  bend  of  the  I, — E,  curve 
and  the  lower  half  of  the  wave  is  sup¬ 
pressed,  It/2lt  becomes  equal  to  3.14/4. 
As  the  grid  bias  is  made  more  negative 
(class  C)  the  d-c  component  decreases 
still  farther,  and  h/Bh  tends  towards 
unity. 

In  the  case  of  the  modulated  wave, 
the  amplifier  must  remain  in  its  class 
B,  or  C,  even  during  the  peak  values 
during  which  the  amplitude  C  is  in¬ 
creased  to  C(1  -f  K),  where  K  =  A/C, 


Grid  voltage  modulation 


Grid  bias  modulation 
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Remote  Pickups 


are  packed  with  listener 
interest — but  what  a  headache  they  have  been 
to  the  operators  who  have  had  to  carry  make¬ 
shift  equipment  in  taxicabs,  in  airplanes,  through 
crowds — to  all  the  inaccessible  places  where 
news  and  sports 
events  are  hap¬ 


pening. 


Too  often  "remote  control"  has  meant  very  little  control  at  all  over 
the  quality  of  the  broadcast  that  is  put  on  the  wire. 

But  now,  after  a  year  of  development  and  proving  in  the  field, 
the  COLLINS  1 2X  REMOTE  AMPLIFIER  is  ready  for  your  broadcasts. 
It  is  light,  compact,  will  take  severe  punishment,  and  will  give  you  re¬ 
mote  broadcasts  of  studio  quality. 

The  remarkable  technical  features  of  the  I2X  are  explained  in  a 
descriptive  folder — mailed  on  request. 


COLLINS  RADIO  COMPANY 


CBDAI  IAP1D8,  IOWA 


NEW  TOIK.  II  WmI  r«rtr-f*«*Bd  tlroot 
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that  is,  the  efficiency  of  the  carrier 
alone  is  reduced  (1  times.  When, 

for  instance,  Rh  =  0.8E  at  the  most 
and  class  B  amplification  is  resorted 
to,  the  maximum  efficiency  for  the  car¬ 
rier  is  O.SE/E  by  ir/4,  or  62.8  per  cent; 
but  when  K  =  1,  this  efficiency  must 
be  reduced  to  31.4  per  cent  to  preserve 
the  character  of  the  amplification.  It 
is  advisable  to  resort  to  class  C  ampli¬ 
fication  that  gives  a  higher  value  of 
h/Io,  but  introduces  distortion,  which 
requires  correction  either  by  increas¬ 
ing  the  intensity  of  the  carrier  in  the 
peaks  (Kraemer),  or  by  multiple  modu¬ 
lation  stages  (Societe  indepyendante  de 
T.S.F.). 

In  plate  voltage  modulation  the 
value  of  RIt  is  proportional  to  E  and 
Rh/E  =  constant;  this  ratio  may  be 
made  equal  to  unity.  The  factor 
Ii/2la  may  also  be  given  large  values 
so  that  the  efficiency  based  on  the  car¬ 
rier  is  twice  that  obtained  in  grid  cir¬ 
cuit  modulation.  Against  this  gain, 
however,  is  the  large  amount  of  a-f 
power  required,  of  the  order  of  the  r-f 
power.  Since  the  a-f  amplifiers  must 
operate  in  class  A  they  consume  a 
large  amount  of  power  even  in  the 
absence  of  modulation.  The  waste  in 
the  absence  of  modulation  may  be  pre¬ 
vented  by  using  push-pull  amplifiers. 

The  efficiency  over  long  periods  is 
poor  because  the  amplifier  must  be  de¬ 
signed  to  take  care  of  the  highest 
peaks  although  the  highest  a-f  ampli¬ 
tudes  last  for  very  brief  intervals  only. 
The  average  degree  of  modulation  may 
not  exceed  20  per  cent ;  the  power 
contained  in  the  side-bands  is  then  2 
per  cent  of  the  carrier  power.  A  more 
efficient  system  would  be  to  maintain 
the  percentage  of  modulation.  In  the 
case  of  grid  circuit  modulation  a  re¬ 
sistance  is  added  in  series  between  the 
transformer  secondary  and  the  ground; 
the  rectified  voltage  drop  in  the  re¬ 
sistor  controls  the  grid  bias  in  such  a 
way  that  the  r-f  amplitude  is  large 
when  the  a-f  amplitude  is  large.  The 
detection  introduces  a  delay  which  may 
be  corrected  by  inserting  a  delaying 
circuit  between  the  a-f  source  and  the 
primary  of  the  transformer.  —  Onde 
electr.  15:81-101,  142-149,  1936. 


•  •  • 


Grid'bias  Circuit 

W.  Bryan  Savage  of  Stanmore,  Mid¬ 
dlesex,  England,  electronic  engineer 
writes  the  Editors  pointing  out  that 
the  grid  bias  scheme  to  eliminate  feed¬ 
back  troubles,  page  42,  March  1936 
Electronics  was  devised  by  him  in¬ 
dependently  and  that  articles  on  it  ap¬ 
peared  in  the  Wireless  Magazine, 
September  1935,  and  in  the  Wireless 
World,  January  3,  1936.  He  states 
that  as  a  transformer  manufacturer 
he  finds  it  more -convenient  to  tap  the 
high  voltage  at  the  proper  point  and 
that  a  more  expensive  de-coupling 
arrangement  is  used. 

42 


‘‘Onde  Eleclrique” 

Beginning  with  the  January  number, 
Onde  electrique  brings  short  summaries 
of  recent  German  patents  in  the  field 
of  radio.  The  first  three  numbers  of 
the  year  mention  about  60  patents 
issued  in  1935  and  covering  such  items 
as  variable  coupling  by  Seibt,  anti¬ 
fading,  amplifier  in  which  the  coupling 
resistances  are  diodes,  superregenera¬ 
tion,  plate  lead  cooling  pipes  of  sand¬ 
stone  or  porcelain. 


Non-radiating 

The  testing  laboratory  of  the  Swiss 
Society  of  Electrical  Engineers  allows 
manufacturers  to  stamp  a  distinctive 


mark  upon  electrical  appliances  which 
do  not  disturb  radio  reception  under 
conditions  laid  down  by  the  society. 

•  •  • 

Philips 

Technical  Review 

Under  this  name  publications  of  the 
Philips  research  laboratory  at  Eind¬ 
hoven  are  appearing  monthly.  The 
second  number,  February,  has  the  fol¬ 
lowing  articles:  Production  of  sharp 
fluorescent  spots  in  cathode  ray  tubes, 
by  G.  P.  Ittmann;  Relaxation  oscil¬ 
lators,  by  S.  Gradstein;  Optical  model 
experiments  for  studying  the  acoustics 
of  theaters,  by  R.  Vermuelen  and  J.  De 
Boer;  A  high-frequency  furnace  with 
valve  generator,  by  G.  Heller;  Prac¬ 
tical  applications  of  X-rays  for  the 
examination  of  materials.  Part  11  by 
W.  G.  Burgers. 

•  •  • 

Volume  Compressor 

[Continued  from  page  17] 

necessary  for  its  cathode  to  be  nega¬ 
tive  with  respect  to  the  anode.  Since 
the  output  of  the  control  voltage  am¬ 
plifier  is  connected  to  “a”  it  follows 
that  no  biasing  potential  will  be 
placed  on  the  grids  of  F,  until  the 
peak  output  voltage  of  the  control 
voltage  amplifier  is  greater  than  the 
value  of  positive  potential  between 
“a”  and  ground.  No  controlling  ac¬ 
tion  is  introduced,  therefore,  until 
the  energy  level  in  the  circuit  ex¬ 
ceeds  an  arbitrary  value.  The  point 


at  which  control  is  introduced  is  de¬ 
termined  by  the  adjustment  of  “a.” 

The  time  constant  of  the  control 
circuit  is  such  as  to  insure  that  the 
variation  in  the  control-grid  bias  of 
F,  is  relatively  gradual  regardless  of 
the  input-voltage  w’ave  form.  Two 
adjustments  are  used.  When  the  two 
resistors  /?„  and  are  connected, 
in  parallel,  acro.ss  the  action  is 
rapid  enough  to  allow  the  unit  to  be 
used  as  a  volume  compressor.  That 
is,  each  volume  surge  is  reduced  in 
amplitude,  as  it  occurs,  and  when  it 
ends  the  unit  restores  to  normal 
w'ithin  approximately  one  .second. 
This  adjustment  is  desirable  when 
the  unit  is  used  in  connection  with 
recordings  or  network  programs  that 
have  previously  been  monitored 
Using  the  unit  in  this  manner  per¬ 
mits  the  average  percentage  modula¬ 
tion  of  the  transmitter  to  be 
increa.sed  without  danger  of  over¬ 
modulation  and  without  impairing 
noticeably  the  normal  allowable  ar¬ 
tistic  expression  of  the  program. 
Where  it  is  desired  to  use  the  unit  a.« 
an  automatic  volume  control  the  re¬ 
sistor  /?„,  only,  is  in  parallel  with 
C„.  This  provides  a  more  gradual 
change  in  volume  and  is  especially 
desirable  w’hen  broadcasting  speech 
where  it  is  important  for  the  control 
not  to  restore  between  words.  In  thi? 
position  it  requires  approximately 
five  .seconds  for  the  unit  to  return 
to  normal.  The  control  will  swing 
in  within  0.2  .second,  however. 

It  has  been  found  desirable  to  vary 
the  input  voltage  to  the  control- 
voltage  amplifier  simultaneously  with 
the  time  constant  of  the  control  cir¬ 
cuit.  This  is  accomplished  by  using 
a  d-p-d-t.  switch  (S,  S),  as  .shown 
in  Fig.  3.  Throwing  the  switch  to 
one  position  (1,  1)  provides  the  op¬ 
timum  adjustment  when  it  is  desired 
to  use  the  unit  as  a  volume  com¬ 
pressor.  The  other  position  (2,  2) 
allows  the  unit  to  be  used  as  an  au¬ 
tomatic  volume  control  on  pnigram? 
where  manual  control  would  be  er¬ 
ratic. 

The  control  has,  thus  far.  been 
u.sed  as  a  separate  unit  in  conjunc¬ 
tion  with  a  .standard  program  ampli¬ 
fier.  However,  a  better  arrangement 
is  to  build  the  control  unit  as  an 
integral  part  of  the  amplifier,  since 
the  optimum  adjustments  of  the  unit 
are  more  easily  established  and  main¬ 
tained  in  this  manner.  It  is  expected 
that  such  an  amplifier  will  bo  in  op¬ 
eration  shortly. 
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of  Sturdy 

RESISTORS 


^  (!»*nl«*r  rore  of  re-i^laiire  niat**rial  i?  sur 

rouiuifti  l»y  a  d**ii>e  -hork-proof  ceraniir 
l>ro\ iiliiif:  >>treiiglii  and  prolt'clioii  against  hu- 


('.ore  and  jaekel  are  fired  together  at  2..i0() 
degrees  K.  into  a  single,  solid  unit,  hard 
and  durable  as  stone. 

CPure  eopper  e»»\ers  the  resistor  end  for 
wire  lead  eontaet.  Contaet  to  the  resist- 
anee  material  is  at  the  extreme  ends  only,  pro¬ 
viding  uniform  resistanee  and  Load  distrihu- 
lion  o\er  entire  length.  End  eontaets  do  not 
short  eireiiit  part  of  resi^tanee  as  in  other 
type.. 


British  Centralab.  Ltd. 
Canterbury  Rd..  kilburii 
London  N.^’.6,  England 

Centralab 
68-70  Rue  Anielot 
Paris,  France 


Since  1930  more  than  thirty-eight  and 
a  half  million  Centralab  Fixed  Resii^- 
torts  have  been  sold  .  .  .  and  more  and  more  set  manu¬ 
facturers  are  today  specifying  CENTRALAB  for  sturdy, 
dependable,  trouble-free  resistor  performance.  Their 
use  extends  throughout  the  entire  spectrum  of  the  elec¬ 
tronic  industry.  In  every  need  for  Fixed  Resistors  .  .  . 
specify  Centralab. 

CENTRALAB  Division  of  Globe-Union  Mfg.  Co. 

MILWAUKEE,  WIS, 


RESISTORS 


electronics — June  1936 


Fluorescent  Screens  for 
Cathode  Ray  Tubes 

[Leonard  Levy  and  Donald  W.  West] 
In  a  paper  delivered  before  the  In¬ 
stitution  of  Electrical  Engineers  on 
March  4  in  London  quantitative  com¬ 
parisons  between  several  different 
types  of  luminescent  substances  used 
in  cathode  ray  tubes  were  made.  It 
was  pointed  out  that  fluorescent  mate¬ 
rials  (those  which  cease  to  emit  light 
immediately  when  the  excitation  from 
the  electron  beam  is  removed),  and 
phosphorescent  materials  (those  which 
continue  to  glow  for  some  time  after 
the  excitation  is  removed)  may  be 
variously  affected  by  the  presence  of 
impurities,  some  of  which  are  unde¬ 
sirable  because  they  reduce  the  lumi¬ 
nous  efficiency  of  the  material,  while 
others,  such  as  nickel  “killer”  are  used 
to  improve  the  light  output  or  to 
reduce  the  aftergow.  For  most  pur¬ 
poses  especially  in  television  the  after¬ 
glow  is  undesirable  and  therefore 


with  a  nickel  “killer”  glows  for  only 
a  small  fraction  of  a  micro-second  (too 
small  a  time  to  be  measured  by  the 
method  used). 

It  was  pointed  out  that  the  im¬ 
portance  of  maintaining  the  correct 
proportion  and  of  eliminating  unde¬ 
sirable  impurities  in  the  preparation 
of  these  substances  often  requires  that 
they  be  prepared  under  “asceptic”  con¬ 
ditions  similar  to  those  necessary  in 
the  field  of  medicine. 

Five  different  types  of  material  are 
mentioned  as  being  suitable  for  prac¬ 
tical  applications  in  cathode  ray  tubes. 
The  first,  synthetic  willemite,  is  an 
artificial  zinc  silicate  which  displays 
green  fluorescence  and  some  phosphor¬ 
escence  and  which  is  especially  sensi¬ 
tive  to  low-speed  cathode  rays  corre¬ 
sponding  to  voltages  of  from  260  to 
300  volts.  Calcium  tungstate  produces 
a  blue  color  ‘which  is  highly  desirable 
for  photographic  purposes.  Cadmium 
tungstate  is  remarkable  in  that  it 
produces  a  fluorescence  of  a  pale  blue 
color  and  is  then  therefore  especially 


Characteristics  of  fluorescent  substances:  (A)  Output  at  constant  current 
of  150  microamperes.  (B)  At  constant  voltage,  3,000  volts,  by  photoelectric 
method.  (C)  At  constant  voltage,  2,800  volts.  (D)  Photoelectric  method, 
constant  current  of  100  microamperes.  In  each  figure:  (a)  Zinc-sulphide, 
zinc-cadmium  sulphide  Z  23,  (b)  Zinc  sulphide  U  36,  (c)  Zinc  sulphide 
G86,  (d)  Zn-Cd  sulphide  B  11,  (ej  Zn-Cd  sulphide,  (f)  Willemite  (g)  Cad¬ 
mium  tungstate  (h)  Zinc  phosphate 


materials  which  are  only  slightly 
phosphorescent  are  most  useful.  In 
such  substances  the  phosphorescence 
is  of  extremely  short  duration,  not 
more  than  a  few  thousand  micro¬ 
seconds.  For  example.  Calcium  tung¬ 
state  glows  for  8  micro-seconds  after 
the  excitation  is  removed,  cadmium 
tungstate  for  8  micro-seconds,  zinc 
phosphate  for  about  0.25  seconds,  while 
zinc  sulphide  which  has  been  treated 


suitable  for  television  pictures  where 
a  white  and  black  image  is  desired, 
but  requires  high  voltages  to  produce 
sufficient  brilliance.  Cadmium  tung¬ 
state  and  calcium  tung:state  have  been 
replaced  by  zinc  compounds  of  higher 
efficiency  in  most  cases.  Zinc  phos¬ 
phate  displays  a  red  fluorescence,  and 
because  of  its  long  phosphorescence 
after  glow  is  of  use  in  producing  re¬ 
sidual  traces  visible  after  the  exciting 


beam  has  ceased  to  act.  The  most 
important  types  of  material  now  used 
are  several  varieties  of  zinc  sulphide 
and  zinc  cadmium  sulphide,  usually 
used  in  connection  with  a  nickel 
“killer”  which  eliminates  phosphor¬ 
escence.  As  shown  in  the  accompany¬ 
ing  diagram  the  brilliance  of  these 
compounds  for  a  given  voltage  is  con¬ 
siderably  greater  than  that  obtainable 
with  other  materials.  The  paper  also 
contains  the  discussion  of  light  satu¬ 
ration  in  various  materials,  a  phe¬ 
nomena  which  limits  the  amount  of 
light  obtainable  from  the  compound 
regardless  of  the  voltage  or  current 
used  to  produce  it.  {Television  and 
Shortu'ave  World,  April  1936,  page 
241.) 


•  •  • 


Power-savinj?  Tubes  with 
Copper  Cathodes 

[Funktechnische  Monatshefte,  Jan¬ 
uary  1936,  P.  9-11].  A  number  of  new 
German  auto  radio  tubes,  series  E,  have 
just  been  developed.  They  differ  from 
the  standard  C  series  only  in  their 
lower  heater  consumption. 

The  heaters  of  the  original  E  auto 
radio  tubes  consumed  2.6  watts.  In 
the  new  tubes  this  figure  has  been  re¬ 
duced  to  as  low  as  1.5  watts  by  using 
copper  for  the  cathode,  instead  of  the 
customary  nickel. 

The  change  to  this  new  cathode  was 
decided  upon  as  the  most  advantageous 
of  three  possible  methods  of  reducing 
heater  power  consumption.  Caesium 
had  been  considered  first  because  of  its 
low’  operating  temperature  (300°C), 
but  its  very  short  life  made  it,  for  the 
present  at  any  rate,  commercially  un¬ 
suitable.  While  a  reduction  of  the 
cathode  size,  and  thus  of  its  heater 
consumption,  would  have  bt*en  com¬ 
paratively  simple,  this  would  have  up¬ 
set  the  present  standardization  of  Ger¬ 
man  vacuum  tube  construction  very 
seriously.  The  copper  cathode  how¬ 
ever  required  no  changes  in  tube  con¬ 
struction,  and  the  electrical  characteris¬ 
tics  of  the  new  E  tubes  are,  with  a 
few  minor  exceptions,  really  identical 
with  the  type  C  series. 

The  radiation  coeflficient  of  copper 
under  infra  red  rays  was  found  to  be 
approximately  §  that  of  nickel,  and  it 
was  evident  that  so  great  a  reduction 
of  heat  losses  would  considerably  lower 
the  power  required  by  the  heater 
element.  The  copper  cathode  readily 
suggests  itself  for  larger  tubes,  where 
losses  from  heat  radiation  are  an  item. 
The  same  type  of  bifllar  wound  heater 
is  used  as  for  the  nickel  cathode. 

It  may  be  of  interest  that  the  new 
type  E  exponential  pentode  has  a  more 
favorable  characteristic  curve  than  the 
type  C,  and  that  there  is  less  cross  and 
hum  modulation  with  the  new  tube. 
The  final  penCode  is  capable  of  de¬ 
livering  a  speech  output  of  3.6  watts, 
with  maximum  distortion  of  10%.  The 
output  of  the  new  full  wave  rectifier  is 
now  10  mA  greater,  namely  60  m.4. 
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LET  YOUR  GUIDE 
IN  BINDING  POSTS 

BE 


1787 


Here  is  the  CAP  SHIELD. 
“CINCH”  designed  steel 
shield;  sets  snugly  on  tube 
top  over  screen  grid  cap.  The 
perfect  function  of  the  tube  is 
assured;  hovering  electrical 
interferences,  or  extraneous 
disturbances  are  grounded. 
Sharp  indentations  at  base  of 
shield,  a  feature,  assure  con¬ 
tact  when  shield  is  applied. 


From  one  to  six  —  choose  the  one  that  fits  your  need!  The 
“Cinch”  Binding  post  you  select  is  used  by  the  most  discriminat¬ 
ing  set  manufacturers — everywhere.  That  is  the  most  sincere 
endorsement.  Supplied  plain  or  with  marking.  By  continued 
use  the  leading  set  manufacturers  recommend  “Cinch”  parts. 


No.  6020 

Recently  introduced — already, 
a  popular  “Cinch”  part. 


CINCH  MANUFACTURING  CORPORATION 

2335  West  Van  Buren  Street,  Chicago,  III. 

Subsidiary:  United-Csrr  Fastener  Corporation,  Cambridge,  Massachusetts 
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Literature 

♦  Resistors.  International  Resistance 
Company  401  N.  Broad  Street,  Phila¬ 
delphia,  Pennsylvania,  has  a  new 
spiral-bound  catalog:  describing:  its 
complete  line  of  fixed  and  variable 
resistors. 

♦  Amplifiers.  A  new  48  pag:e  bulletin 
including  data  and  circuits  on  ampli¬ 
fiers  from  one  half  w’att  to  1,000  watts 
output;  chapters  on  audio  transformer 
design;  charts  on  decibel  conversion; 
reactance  data;  published  by  United 
Transformer  Corporation,  72  Spring 
Street,  New  York  City. 

♦  Recording  and  transcription.  Presto 
Recording  Corporation,  139  West  19th 
Street,  New  York  City,  has  prepared 
a  catalog  describing  in  detail  the  latest 
developments  in  equipment,  discs  and 
parts,  for  instantaneous  recording  and 
transcription.  Copies  available  upon 
request. 


►  The  StupakofT  Laboratories.  Pitts¬ 
burgh,  Pennsylvania,  have  recently  pub¬ 
lished  a  small  card  on  which  are 
mounted  various  component  parts  used 
in  metal  tube  manufacturing,  consist¬ 
ing  of  ceramic  insulators,  insulated 
filament  wires,  Kovar  eyelets,  Kovar 
copper  lead-in  wires  and  exhaust  tubes. 
Copies  of  this  card  may  be  secured  by 
writing  the  Stupakoff  organization. 

Instruments.  G-M  Laboratories,  Inc., 
1731  Belmont  Ave.,  Chicago,  Illinois, 
have  published  a  new  catalog  of  photo¬ 
electric  units.  The  catalog  describes 
electrical  apparatus  for  measurements 
and  control,  and  additional  descriptive 
information  on  these  units  is  available 
upon  request. 

♦  Auto  radio  equipment.  F.  W.  Stewart 
Manufacturing  Corporation,  340  W. 
Huron  Street,  Chicago,  Illinois  has 
issued  a  catalog  describing  their  auto 
radio  remote  control  equipment  and 
parts  for  every  make  of  car. 


♦  Tubes.  Federal  Telegraph  Company,  - 
200  Mt.  Pleasant  Ave.,  Newark,  N.  .i.,  , 
has  issued  a  new  catalog  giving  ratings  ■ 
and  data  on  Federal  type  vacuum 
tubes.  Also  additional  data  sheets  on  j 
the  Federal  mercury  vapor  tube  and  t 
thermionic  rectifier  tubes. 

♦  Speakers.  Catalog  describing  per-  P 

manent  magnet  speakers  for  use  in  F 
receiver,  car  and  public  address  equip-  F 
ment,  published  by  Cinaudagraph  Cor-  | 
poration,  SUimford,  Connecticut.  I 

♦  P.A.  amplifiers.  Wholesale  Radio 
Service,  100  Sixth  Avenue,  New  York 
City,  has  published  a  catalog  describing 
the  complete  line  of  1936  Lafayette 
public  address  amplifiers,  systems  and 
accessories.  Copies  may  be  obtained 
by  request  addressed  to  the  above 
address. 

♦  Insulating  varnish.  Literature  on  prop¬ 
erties  and  applications  of  insulating 
varnish,  published  by  Irvington  V'arnish 
&  Insulator  Co.,  Irvington,  New  Jersey. 


New  Products - — -  t 


Vacuum  Gage 

The  Winslow  Engineering  Company, 
Newark,  New  Jersey.  Pirani  type  elec¬ 
tric  vacuum  gage,  just  announced,  is 
useful  in  any  application  where  quick 
accurate  determination  of  extremely 
low  pressures  are  to  be  made.  It  uses 
a  platinum  alloy  ribbon  as  filament 
rolled  so  as  to  have  small  cross  sec¬ 
tional  area  to  get  quick  cooling.  A 
duplicate  tube,  open  to  the  air,  balances 
for  atmospheric  pressure  and  ambient 
temperature  changes,  is  operated  in 
the  bridge  circuit  which  contains  the 
evacuated  tube.  Price,  '$75.00. 


Oscillographs 

RCA  Parts  Division  has  announced 
two  new  types  of  oscillograph  instru¬ 
ments:  a  model  operating  on  25-cycle 
a-c  and  a  special  “sweep”  model  with 
an  oscillator  which  extends  from  4 
cycles  to  18,000  cycles.  The  net  price 
of  each  is  $110. 


D.C.  to  A.C. 

Carter  Motor  Company,  369  Superior 
Street,  Chicago  announces  a  new  con¬ 
verter  to  change  d.c.  (6,  12,  32  or  110 
volts)  to  a.c.  at  60  cycles,  40  watts.  It 
is  4  inches  wide  by  5  inches  long  and 
22  inches  high  and  weighs  6J  pounds. 


High  Vacuum  Pump 

Beach-Russ  Company,  50  Church  St., 
New  York,  N.  Y.,  offers  a  new  two- 
stage  integral  type  high  vacuum  pump 
for  use  in  all  high  vacuum  require¬ 
ments  such  as  neon  signs,  lamps, 
vacuum  bottles,  radio  tubes  and 
vacuum  impregnating  systems.  It  is 
built  in  any  required  metal  to  resist 
the  corrosion  characteristics  of  the 
impregnating  compound,  and  is  con¬ 


structed  without  valves,  gears  or 
springs,  so  as  to  eliminate  the  prin¬ 
cipal  trouble  spot  in  vacuum  impreg¬ 
nation.  The  pump  is  made  for  capaci¬ 
ties  of  8,  15,  30,  55,  100  and  200  cu.ft. 
per  min.  Larger  pumps  are  made  to 
meet  special  requirements. 


Wien  Bridge 


Outstanding  advantages  are  claimed  f 
for  the  newest  analyzer  unit  from 
Solar  Manufacturing  Corp.,  599  Broad¬ 
way,  New  York  City.  This  is  a  capaci¬ 
tor-analyzer  and  resistance-bridge,  to 
suit  the  needs  of  engineers  as  well  as  [ 
service  men  ...  a  refined  and  extended 
Wien  bridge  built  into  instantly  u.-eful  [ 
form  for  laboratory,  shop  and  field  ^ 
work.  All  readings  are  .secured  direct  b 
from  a  color-coded  panel,  saving  time  K 
and  trouble  formerly  required  in  cross-  E 
referring  to  charts  and  graphs.  This  ■ 
unit  may  be  had  in  twj  models,  both  R 
attractively  housed  in  wood  cabinets  R 
with  detachable  hinged  covers.  It  is  ^ 
compact,  light  yet  sturdy  and  thor-  E’ 
oughly  .scientific.  t 


Wattmeter 

Hickok  Electrical  Instrument  Com¬ 
pany,  10514  Dupont  Avenue,  Cleveland, 
Ohio,  is  placing  on  the  market  a  new 
electric  appliance  tester  for  use  in  test¬ 
ing  radios,  household  motors,  refrigera¬ 
tors,  etc.  This  is  a  dynamometer  typCi 
available  in  watt  ranges  of  0-300,  0-750, 
0-1,500  with  150  volt  limit.  Also  avail¬ 
able  for  220  volt  single  phase  and  in 
higher  watt  ranges  with  external  re¬ 
sistors.  Uniform  scale  meter  provides 
easy  reading  over  the  entire  .<cal€- 
Mounted  on  plastic  base  for  portable 
use. 

» 
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A  NEW  G-R 

STANDARD-SIGNAL  GENERATOR 

Announced  after  several  years  of  development 
— a  moderately  priced  "all-wave"  standard-sisnal 
generator  with  many  mechanical  and  electrical  improve¬ 
ments. 

Simple  to  operate — accurately  calibrated — thor¬ 
oughly  shielded — the  new  General  Radio  Type  605-A 
Standard-Signal  Generator  has  all  of  the  conveniences 
you  have  been  ashing  for. 

Check  ikcic  features — see  how  closely  they 
approach  the  ideal  instrument. 

•  DIRECT  READING — no  calibration  curves  to 
read — no  plug-in  coils  to  change. 

*  A-C  OPERATED — built-in  voltage  regulator — 
line  voltage  fluctuations  have  no  effect  upon 
frequency. 

•CONTINUOUS  FREQUENCY  RANGE- 

10  he  to  30  Me. 

•  INTERNAL  OR  EXTERNAL  MODULA- 
TION — Internal  fixed  400  cycle;  external  flat 
from  30  cycles  to  1  5  he.  Both  variable  0  to  50%. 

•  NO  FREQUENCY  MODULATION. 

•  NO  REACTION  OF  ATTENUATOR  ON 
FREQUENCY. 

•  NO  THERMOCOUPLES-Vacuum-tube  volt¬ 
meter  indicates  carrier  amplitude — cannot  be 
burned  out. 

PRICE:  Type  605-A  Standard  Signal  Genera¬ 
tor:  $415.00,  Complete  with  accessories.  Specify 
A-C  or  Battery  Model. 

WRITE  FOR  BULLETIN  Ib-E  FOR  COMPLETE  DE^ 
TAILS.  Address  General  Radio  Company,  30  State  Street, 
Cambridpe,  Massachusetts. 


DIRECT  READING 
10  kc  to  30  Me 


SPECIFICATIONS 

Circuit:  Mastcr-oscillator>«mplificr.  Fre¬ 
quency  modulation  and  reaction  of  attenua¬ 
tor  on  carrier  frequency  reduced  to  negligible 
quantity. 

Carrier  Frequency:  1 0  kc  to  30  Me. 

Frequency  Calibration:  Direct-reading  to 
Straight-line  logarithmic  frequency 

scale. 

Output  Voltage  Range:  0.5  microvolt  to 
0.1  volt. 

Output  System:  10-ohm  constant  resistive 
from  0  to  0.01  volt  and  constant  50-ohm  from 
0.01  to  0.1  volt. 

Modulation:  Continuously  variable  to 
50^.  Settings  accurate  to  ±10^^.  Internal 
modulation  400  cycles,  fixed.  External 
modulation  constant  within  1  db  from  30 
cycles  to  1 5  kc. 

Stray  Fields:  Electrostatic  and  magnetic 
stray  fields  negligible. 

Power  Supply:  Three  a-c  operated  models 
available,  for  60,  50  and  42  cycles.  Built-in 
voltage  regulator  compensates  for  line  voltage 
fluctuations  between  100  and  1  30  volb. 

Battery  operation:  Battery  operated  model 
available  for  200  volt  plate  and  6.3  volt  fila¬ 
ment  supplies.  Control  panel  contains  plate 
and  filament  meters  and  necessary  controls. 


general  radio  company 
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Switch 

Yaxley,  Indianapolis,  has  a  fine  look¬ 
ing  brochure  on  their  type  3,100  switch 
designed  for  short  wave,  tone  control, 
and  tap  switch  applications.  It  is 
small  in  size  and  yet  has  the  same 
capacity  as  found  in  larger  dimen¬ 
sioned  units,  has  lower  losses  because 
of  the  reduction  of  material.  The 
3,100  switch  incorporates  a  newly-de¬ 
signed  indexing  feature  with  positive 
action,  separated  from  switch  circuits. 


Signal  Generator 

General  Radio,  Cambridge,  announce 
a  new  standard  signal  generator,  model 
605-A.  It  is  a-c  operated,  with  a 
built-in  voltage  regulator,  is  direct 
reading  in  frequency  (no  plug-in 


coils),  covers  from  10  kc.  to  30  me.  in 
7  bands,  has  provision  for  external  or 
internal  modulation  (internal  —  400 
cycles  at  0  to  50  per  cent;  external  30 
to  15,000  cycles  up  to  50%),  no  fre¬ 
quency  modulation,  no  thermocouple  to 
burn  out.  It  lists  at  $415  complete. 


Tone-bell  Reproducer 

Capable  of  producing  a  wide  range 
of  frequencies  and  designed  to  aug¬ 
ment  and  strengthen  all  kinds  of  sound 
with  complete  distribution  and  without 
annoying  projectional  features,  a  low 
level  tone-bell  reproducer  is  account¬ 
ing  for  much  of  the  increased  produc¬ 
tion  of  Fox  Sound  Equipment  Cor¬ 
poration,  Toledo,  Ohio. 

It  is  being  used  especially  for  in¬ 
side  installations  or  for  use  in  small 
areas.  The  tone  bell,  constructed  of 
special  alloy  aluminum,  is  claimed  to 
be  technically  correct  as  to  curve.  It 
can  be  moved  through  180  degrees  in 
a  longitudinal  direction. 

A  unique  mounting  bracket  is  at¬ 
tached  to  the  center  of  gravity, 
making  directional  adjustment  per¬ 
fectly  stable.  It  can  be  secured  on 
vertical  or  horizontal  structures  for 
permanent  installation.  The  cradle  is 
free  to  turn  through  a  radius  of  360 
degrrees.  The  sound  chamber  is 
equipped  with  the  proper  air  by-pass 
for  bass  reproduction  without  distor¬ 
tion. 
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Communication  System 

Cost  to  business  of  communicating  be¬ 
tween  different  departments  took  a 
drastic  drop  with  the  announcement  of 
a  new,  low-priced  Intra-Department 
Communicating  System  by  Bell  Sound 
Systems,  Inc.,  61-63  East  Goodale 
Street,  Columbus,  Ohio.  Trade-named 
as  Belfone  this  new  equipment  offers 
to  even  the  smallest  factories,  offices, 
restaurants,  and  stores,  the  advan¬ 
tages  of  sound  equipment  previously 
considered  a  luxury  available  only  to 
large  concerns.  (A  two-way  system 
costs  as  little  as  $39.50). 

The  system  uses  a  transmitter  ap¬ 
proximately  the  size  of  the  smallest 
midget  radio.  More  than  one  loud¬ 
speaker  can  be  used.  Even  though  a 
person  may  be  standing  25  or  more 
feet  from  the  receiver,  his  reply,  in  a 
normal  voice,  will  be  picked  up  and 
transmitted.  By  a  combination  of  two 
or  more  of  these  small,  compact  units, 
very  simply  wired,  a  wide  variation  of 
systems  can  be  accomplished.  One 
station  can  talk  to  any  one  of  a  number 
of  stations  by  means  of  a  selector  key. 
Also,  with  a  multiple  hook-up,  there 
can  be  a  number  of  simultaneous  con¬ 
versations. 


Vari-speed  Motor 

Constant  speeds  with  less  than  1% 
drift,  variable  from  0  to  1,000  r.p.m. 
by  turning  a  small  calibrated  dial  are 
possible  with  the  new  Senco  Vari- 
Speed  Drive  developed  by  the  Sundt 
Engineering  Company  of  Chicago, 
affiliate  of  Littelfuse  Laboratories. 


The  unit  is  powered  by  a  1/100  hp. 
llOv  shaded  induction  motor  and  the 
speed  is  changed  by  means  of  special 
wear  resistant  friction  disc  clutch. 
Oilless  bearing  are  used  throughout. 
The  average  torque  is  1.0  inch  pounds. 
A  10  to  1  reduction  is  available  for 
slow  speeds.  Attractively  finished,  the 
unit  measures  only  8ix3Jx4J  inches 
and  weighs  10  pounds. 

While  this  unit  was  designed  pri¬ 
marily  to  provide  a  synchronous  scan¬ 
ning  system  for  use  with  the  Senco 
Neon  Oscilloscope  Tube,  it  has  many 
other  shop  and  laboratory  uses;  sweeps 
for  cathode  ray  tubes,  stroboscope 
systems,  timing  and  control  devices, 
automatic  switches,  advertising  dis¬ 
plays  and  novelties,  laboratory  life 
tests,  lecture  room  demonstrations, 
etc. 


Tiger  and  Cub 
Condensers 

Cornell-Dublier  announces  two  new 
lines  of  tubular  condensers  which  are 
aimed  at  the  solution  of  the  humidity 
and  high  temperature  problem  as  well 
as  the  desire  for  effective  r-f  and  a-f 
by-passing.  These  lines  are  improved 
Tiger  and  Cub  lines  as  offered  hereto¬ 
fore.  They  have  new  wax  poured  ends 


and  outside  wax  dipping,  they  operate 
properly  up  to  185°  F.,  retain  their 
high  internal  resistance  under  high 
humidity  operating  conditions,  and  have 
other  advantages  especially  important 
in  new  receivers. 


Discs 

Universal  Microphone  Company, 
Inglewood,  California,  has  announced 
an  added  process  in  the  manufacture  j 
of  its  Silveroid  recording  discs.  Each  f 
record  is  now  treated  individually  with 
a  preservative  before  shipment.  The 
new  treatment  is  said  to  prevent  de¬ 
terioration  of  coating  due  to  tempera¬ 
ture  and  various  and  sundry  weather 
changes,  especially  in  shipping  to  for¬ 
eign  countries,  to  be  waterproof  and 
not  to  show  the  effects  of  temperature 
or  humidity,  dry  or  moist  climates. 

After  the  disc  has  been  treated  and 
a  recording  made,  it  may  again  be 
treated  by  the  operator  to  prevent  any 
possible  deterioration  after  it  has  been 
recorded  upon.  Universal  Microphone 
will  now  market  its  professional  record¬ 
ing  machine  with  a  new  turntable.  It 
is  approximately  twice  the  weight  of 
the  former  one,  and  is  mounted  on  baU 
bearings. 


Set  Analyzer 

The  new  model  85  Unimeter  (Clough- 
Brengle  Company,  1134  West  .Austin 
Ave.,  Chicago),  features  an  improved 
five-inch  fantype  meter  making  i)0ssible 
a  50  to  100%  increase  in  meter  scale 
length.  This  point-to-point  set  analyzes 
and  all-purpose  component  tester  has 
d-c  ranges  of  0-15-150-750  volts  and 
0-1.5-15-150  ma;  a-c  ranges  of  0-15-150- 
750  volts,  ohms  100,  20,000  and  2  megs- 
All  ranges  are  made  instantly  available 
at  binding  post  terminals  through  » 
rotory  selector  switch. 

The  Model  85  is  81"  high,  51"  wide, 
and  4i''  deep  with  self-contained  bat¬ 
teries  so  small  that  it  may  be  carried 
in  a  small  tool  case.  Net  price,  com¬ 
plete  with  batteries,  $24.95. 
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IRC  Leadership 
is  a  living  thing 


. . .  for  IRC  engineers  are  alive  to  the  needs 
of  the  industry  .  .  .  and  equally  alive  in 
meeting  them  with  creative  research  and 
advanced  developments  as  evidenced  by  the 
constant  appearance  of  new  products. 

Leadership  is  reflected  in  the  design,  con¬ 
struction,  quiet  operation  and  superior 
performance  of  the  IRC  Type  C  Volume 
Control.  It  is  equally  apparent  in  the  Type 
BT  Insulated  Metallized  Resistor — an  out¬ 
standing  engineering  development  of  IRC 


creative  pioneering.  You’ll  immediately 
recognize  it  in  the  IRC  Type  MW  Wire- 
Wound  Resistors — a  radical  departure  from 
conventional  design.  You’ll  see  the  evidence 
of  that  leadership  in  IRC  Type  BW  new 
Low  Wattage  Wire- Wound  Resistors. 

Space  limitation  prevents  the  listing  of 
other  IRC  innovations.  But  IRC  leadership 
knows  no  limitations. 

Acquaint  yourself  with  the  full  facts  con¬ 
cerning  IRC  engineering  achievements. 


initiative-resourcefulness  COOPERATION 

to  advance  the  interests  of  industry 


international  resistance  company 

4()l  North  Broad  Street,  Philadelphia,  Pa. 
Factories  or  Licensees  in 

CANADA  ENGLAND  FRANCE  GERMANY 
ITALY  DENMARK  AUSTRAUA 
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Wire-Wound 

Low-Ohmage 

Resistors 

An  economical,  completely  insulated 
wire  wound  i  and  1-watt  resistor, 
similar  in  size  and  appearance  to  the 
well-known  IRC  Insulated  Metallized 
units,  has  been  announced  by  the  In¬ 
ternational  Resistance  Company. 

Thus  an  alternative  to  the  usual 
carbon  or  metallized  filament  type  re¬ 
sistor  is  now  available  in  power  ratings 
of  i  and  1-watt,  and  in  resistance 
values  of  0.25  to  500  ohms,  and  0.5  to 
2,000  ohms  respectively,  with  respec¬ 
tive  lengths  of  I  in.  and  1^  in.  Com¬ 
pletely  insulated  against  short  cir¬ 
cuits  or  grounds  and  against  the 
effects  of  humidity.  Type  “BW”  con¬ 
sists  of  wire  wound  on  a  textile  core 
of  small  diameter,  to  which  wire  leads 
are  clamped  under  pressure  for  per¬ 
manent  contact,  molded  at  high  pres¬ 
sure  in  a  special  phenolic  compound 
of  excellent  properties. 


This  method  of  assembly  insures  low 
noise  levels  and  permanent  contact. 
The  result,  the  manufacturers  state,  is 
a  stable,  conservatively-rated,  small, 
insulated  wire-wound  resistor,  having 
all  the  electrical  characteristics  and 
stability  of  its  type,  together  with 
compactness  and  complete  protection 
against  abnormal  atmospheric  condi¬ 
tions. 


Tuner-Amplifier 

The  new  Acratest  15  Watt  Combina¬ 
tion,  recently  announced  by  Federated 
Purchaser,  Inc.  of  25  Park  Place,  New 
York  City  is  a  complete  entertainment 
unit  of  fidelity. 

The  Tuner  portion  uses  four  all- 
metal  tubes  in  a  super-heterodyne  cir¬ 
cuit,  passing  a  band  width  of  7,500 
cycles  and  with  a  sharp  cutoff  beyond 
this  range. 

The  tuning  indicator  6E5  is  used, 
assuring  accurate  tuning  on  the  center 
of  the  broadcast  carrier  for  true  studio 
reproduction.  It  also  makes  possible 
noiseless  tuning.  With  the  volume 
control  set  at  a  minimum  position,  sta¬ 
tions  can  be  tuned  in  using  the  visual 
method,  without  an  audible  signal. 
The  audible  volume  is  then  advanced 
and  .reproduction  obtained. 

The  amplifier  portion  using  five 
glass  tubes  is  designed  for  high 
quality  reproduction.  With  a  normal 
power  of  15  watts  and  a  peak  power 
output  of  24  watts,  the  gain  at  1,000 


cycles  is  127  db  making  possible  the 
use  of  crystal  or  velocity  microphones 
on  the  high  gain  input. 

Output  ohmages  are  2,  8,  12,  15  or 
500  ohms  for  matching  to  voice  coils 
of  speakers  or  to  a  five  hundred  ohm 


line.  The  15  ohm  output  impedance 
may  be  used  for  direct  coupling  to  a 
cutting  head  on  recording  equipment. 
A  tone  control  is  part  of  the  circuit. 
The  hum  level,  overall  is  minus  54 
decibels  below  rated  output. 

The  unit  can  be  supplied  in  a 
louvred,  ventilated  crackle  finished 
steel  case  with  a  hinged  top,  can  be 
rack  mounted  or  is  supplied  as  a  club 
model,  together  with  an  automatic 
record  changer  in  a  walnut  console 
cabinet.  The  dimensions  of  the 
chassis  are:  19x82xl3i  in.  Dual  d-c 
speakers  in  portable  leather  cases  are 
also  available,  matching  the  output 
and  field  supply  of  the  combination. 


Armite 

Spaulding  Fibre,  Tonawanda,  N.  Y., 
submits  a  sample  of  Armite,  a  granite 
color  insulation  material  averaging 
well  above  the  NEMA  minimum  dielec¬ 
tric  strength  requirements,  with  a 
Mullen  bursting  strength  test  of  from 
113  on  0.005  in.  to  550  on  1/32  in. 
thick  and  of  greater  tensile  strength 
than  the  standards  NEMA  require¬ 
ments.  It  can  be  used  anywhere  that 
thin  insulation,  strengrth  and  toughness 
of  structure  are  required. 


Oscillograph 

Triumph  Manufacturing  Company, 
4017  West  Lake  Street,  Chicago,  dis¬ 
played  at  the  IRE  Convention  in  Cleve¬ 
land  two  measuring  instruments  of  in¬ 
terest;  a  cathode  ray  oscillograph  and 
a  wobbulator  to  go  with  it.  The  gen¬ 
erator  covers  the  range  from  100  kc.  to 
30  me.  directly  calibrated  on  a  large 
dial.  The  frequency  modulated  oscil¬ 
lator  is  swept  over  a  30  kc.  band  and 
is  mixed  with  the  master  oscillator. 
The  sweep  has  a  pattern  with  two 
narrow  vertical  elements  in  it  which 
act  as  beacons  during  tests.  Both 
units  operate  from  a.c.  The  oscillo¬ 
graph  lists  at  $79.50  and  the  generator 
at  $57.50. 
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A  Eliminator 

Observing  a  long  felt  need  by  the 
trade  for  an  auto  radio  “A”  Battery 
Eliminator,  the  American  Television  i 
Radio  Corporation  of  St.  Paul,  Min¬ 
nesota,  developed  a  unit  specially  de¬ 
signed  for  demonstrating  and  testing 
auto  radio  sets  on  regular  a-c  lines. 

The  new  ATR  unit  is  equipped  with 
an  on-off  switch,  pilot  light  indicati>r, 
10  ampere  fuse,  rubber  mounting  feet, 
6  foot  all  rubber  cord  set  and  is  en¬ 
cased  in  an  attractive  heavy  gauge 
metal  black  wrinkle  finish  cabinet. 
Dimensions  are  7J  in.  x  7i  in.  x  5  in. 
and  weighs  20  pounds  for  shipping. 

It  eliminates  storage  batteries  and 
battery  chargers;  prevents  the  pos¬ 
sibility  of  spoiling  a  sale  because  of  a 
run  down  battery;  operates  the  set  at 
maximum  efficiency  at  all  times;  de¬ 
livers  pure  d-c  at  the  correct  voltages 
for  the  proper  operation  of  any  auto 
radio  .set;  equipped  with  full-wave  dry 
di.se  type  rectifier  assuring  noiseless, 
interference — free  operation  and  ex¬ 
treme  long  life  and  reliability;  and  is 
fully  automatic  and  fool  proof.  Deal¬ 
ers’  price  is  $12.95  complete;  slightly 
higher  west  of  the  Rockies  and  in 
Canada. 


Cable  Coiineelor 

To  Fill  the  Need  for  a  small  positive 
and  inexpensive  cable  connector,  the 
Bruno  Laboratories,  Inc.,  20  West  22nd 
Street,  New  York  City,  announce  the 
Bruno  Cable  Connector,  model  Cl. 
This  is  a  small,  all-metal  coupling  unit 
which  permits  instant  connection  or 
disconnection  of  two  single  conductor 
shielded  cables. 

Its  contact  points  are  positive  in  ac¬ 
tion,  self-wiping,  and  maintained  under 
extremely  high  pressures.  Failure  to 
hold  contact  is  a  practical  impossibility. 
This  makes  the  unit  ideal  for  use  where 


dependability  is  essential,  as  in  “Micri> 
phone  to  amplifier”  circuits.  The  unit 
cannot  be  damaged  by  being  steppe<i 
upon.  It  cannot  be  accidently  discon¬ 
nected.  It  is  self-shielded  and  its 
diameter  is  only  slightly  greater  than 
that  of  the  cable,  making  its  use  incon¬ 
spicuous. 

The  Bruno  Cable  Connector  is  fin' 
ished  in  grunmetal  and  accomnii)datcs 
cables  -A"  in  diameter  or  less,  and  it 
is  J"  in  diameter  and  li"  long.  List 
price,  $1.50  each. 
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Mi<ipel  Traiisformerb 

New  “Midget”  audio-frequency  trans¬ 
formers  make  possible  the  construction 
of  extremely  small-sized,  liKht-weijfht 
amplifiers  for  aircraft  and  portable 
service.  These  transformers,  a  develop¬ 
ment  of  .\merican  Transformer  Com¬ 
pany,  of  Newark,  New  Jersey,  have  an 
average  weijfht  of  only  ounces, 

operate  at  levels  from  — 80  db  to  0  db, 
are  uniform  within  close  limits  from 
20  to  20,000  cycles.  Thirty-five  stand-  i 
ard  designs  are  available  in  extruded  ; 
aluminum  cases  of  circular  cross-sec-  ' 
tion  having  a  cubic  content  of  21  cubic 
inches.  | 

They  have  a  slight  rising  frequency  | 
characteristic  at  each  end  of  the  audio  : 
band.  They  are  shielded  electro- 


magnetically  with  an  insert  of  high- 
permeability  alloy  inside  the  aluminum 
case.  A  copper  ground  shield  be¬ 
tween  the  high-  and  low-impedance 
windings  provides  electro  static  shield¬ 
ing.  Center-tap  connections  are  taken 
from  the  exact  electrical  center  of  the  , 
winding.  Windings  are  protected 
against  corrosion.  | 

In  addition  to  Midget  audio  trans¬ 
formers,  AmerTran  also  offer  small  ' 
size  audio  reactors,  filter  reactors,  and 
plate-filament  transformers.  Midget 
Components  are  described  in  bulletin 
No.  1003.  ! 


Portable 
— not  just 
moveable 


thanks  to 
AmerTran 
'^Midget** 
Audio 

TimiponeiitN 


Above:  /.  R.  Poppele. 
lechnicaJ  supervisor.  If 'OR 
Mutual  Broadcasting  Sys¬ 
tem,  holding  small  ampli¬ 
fier  developed  for  use  at 
the  Democratic  Sational 
Convention. 


AmerTran  Midget  Audio  Components  make  possible  Vf^OR's  neu 
microphone  amplifier  which  is  smaller  than  a  telephone.  Pertinent 
data-net  gain  90  dB;  frequency  range  20  to  20,000  cycles:  acorn  tubes 
throughout. 


Dial  .Material  I 

Continental  Diamond  Fibre  Com-  | 
pany,  Newark,  Delaware,  has  per¬ 
fected  a  laminated  synthetic  resinous 
product  known  as  Dilophane.  This 
material  has  a  tensile  strength  of 
12,000  to  13,000  Ib.  per  sq.in.;  a  com¬ 
pressive  strength,  flatwise,  34,000  to 
56,000  lb.  per  sq.in.;  and  a  flexural 
strength  of  19,000  to  23,000  lb.  The 
dielectric  strength  of  the  in.  Dilo¬ 
phane  is  450  to  600  volts  per  mil.  The 
power  factor  at  1,000  kc.  is  from  5.5 
to  6  per  cent  and  the  dielectric  con¬ 
stant  at  1,000  kcs.  from  5.75  to  6.25. 
This  material  is  resistant  to  weak 
njineral  acids  and  will  dilute  alkali, 
alcohol,  benzol  and  other  common 
organic  solvents.  Diolphane  is  espe¬ 
cially  recommended  by  the  manufac¬ 
turer  for  use  on  radio  dials  and  instru- 
*f^kV^*^**  and  other  such  places  where 
s  ability  to  atmospheric  changes  in 
emperature  and  humidity  are  re¬ 
quired. 


Broadcast  engineers  have  l>een  quirk  to  appreciate  the  ad¬ 
vantages  of  .\merTran  Midget  .4udio  (k>mponentB.  ‘  They  find 
thefte  units  ideally  suited  for  many  requirements— eepecially 
portable  pre-amplifiers.  They  make  possible  the  construction 
of  better  equipment  combining  small  size  and  li^ht  weight 
with  high  gain  and  excellent  frequency  characteristics. 

As  an  example^  we  illustrate  WOR's  new  microphone  pre¬ 
amplifier  in  which  .AmerTran  Midgets  and  acorn  tubes  are 
used  throughout.  This  unit  weighs  less  than  three  pounds, 
measures  only  by  3%"  by  2^^",  has  a  net  gain  of  90 

dB,  provides  linear  response  from  20  to  20,000  cycles,  and 
combines  a  2-circuit  mixer  with  a  3-stage  a.f.  amplifier.  It 
is  an  entirely  practical  amplifier— not  a  toy — designed  for 
outside  pick-up  service. 

.May  we  send  you  a  copy  of  Bulletin  No.  1003  describing 
.AmerTran  Midget  Audio  Components? 
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Portable  Public 
Address  System 

With  its  wealth  of  exclusive  features 
and  high  power  output,  this  Model 
110-R  portable  public  address  system 
is  desigpied  for  the  larger  types  of 
portable  installations  such  as  outdoor 
gatherings,  large  auditoriums,  theater 
stage  sound  reinforcement,  orchestra 
amplification,  and  wherever  quality  re¬ 
production  is  the  prime  factor. 


Model  110-R  features  dual  speakers 
utilizing  the  latest  Operadio  develop¬ 
ment  .  .  .  the  Acousti-Refiex  principle. 
It  comes  with  crystal  contact  type 
microphone  with  hanging  fixture.  The 
power  output  is  20  watts  Class  A. 
Microphone  and  phonograph  inputs 
may  be  mixed.  Tone  control  is  pro¬ 
vided  for  “shading”  at  the  high  and 
low  end  of  the  frequency  spectrum. 

It  comes  complete  with  microphone, 
microphone  cord,  speakers  and  speaker 
cords,  tubes  and  carrying  cases.  Speci¬ 
fications  and  further  details  may  be 
had  by  writing  Operadio  Manufac¬ 
turing  Company,  St.  Charles,  Illinois, 
for  Catalog  10-A. 


Velocity  Micropbone 

The  new  dual  impedance  microphone 
by  Amperite,  model  RB-DI,  can  be  used 
directly  with  either  a  high  or  low  im¬ 
pedance  input,  accomplished  without 
any  loss  in  efficiency  by  using  a 
specially  designed  transformer  and  a 
shielded  four  conductor  microphone 
cable.  The  cable  is  terminated  with  a 
five  prong  female  plug. 


LOW  IMPEDANCE 
TYPE  MICPOPHONE 


The  microphone  is  changed  to  200 
ohm  or  high  impedance  automatically 
by  plugging  in  the  proper  male  plug. 
By  the  use  of  this  method,  no  un¬ 
desirable  dead  windings  are  left  in  the 
microphone  transformer.  For  only 
high  impedance  inputs,  the  standard 
high  impedance  microphone  should  be 
used.  The  dual  imp^ance,  however, 
is  very  useful  when  both  low  and  high 
impedance  inputs  might  be  encoun¬ 
tered.  List  Price  $44.00.  Complete  with 
shock  absorber. 


Quartz  Crystal 
Mounting 

Bliley  Electric  Company,  Union  Sta¬ 
tion  Building,  Erie,  Pennsylvania,  has 
a  new  type  quartz  crystal  mounting 
known  as  the  BC46,  This  mounting  con¬ 
sists  of  a  thermal  block,  a  bimetallic 
thermostat  and  a  heating  element  all 
enclosed  in  an  Isolantite  shell.  The 
thermal  block  serves  as  one  crystal  elec¬ 
trode  which  allows  an  efficient  transfer 
of  heat  to  the  crystal.  The  position  of 
the  thermostat  and  heater  has  been  de¬ 
termined  to  give  maximum  temperature 
stability  from  the  standpoint  of  ther¬ 
mostat  operation  and  freedom  from 
serious  changes  in  temperature  as  a 
result  of  heat  cycles.  This  unit  has 
been  approved  by  the  Federal  Com¬ 
munications  Commission  for  use  in 
broadcast  stations  when  used  in  con¬ 
junction  with  low  temperature  coeffi¬ 
cient  crystals. 


Output  Tube  Tester 

Demands  for  compactness  in  radio 
servicing  equipment  are  answered  by 
the  Triplett  Model  1501  multi-purpose 
power  output  tube  tester  which  com¬ 
bines  the  equivalent  of  10  separate 
units  in  one  instrument.  This  addition 
to  the  Triplett  line  rejects  any  glass, 
glass-metal  or  metal  tubes  that  will  not 
perform  in  a  radio  receivig  set.  Tests 
tubes  by  amplification  tests.  Makes  a 


neon  short  test,  separate  diode  test, 
metered  paper  condenser  tests  (for 
short  and  open),  electrolytic  condenser 
leakage  test,  d.c.  voltmeter  and  mil- 
liammeter,  ohmmeter,  a.c.  voltmeter, 
decibel  meter — and  impedance  tests. 
The  instrument  is  furnished  in  an  at¬ 
tractive  quartered  oak  case  with  slop¬ 
ing  panels  for  either  portable  or  coun¬ 
ter  use.  Model  1601.  List  Price  $70. 
The  Triplett  Electrical  Instrument 
Company,  Bluffton,  Ohio. 


Carbon  Microphones 


tective  grill  in  front  through  which 
sound  is  admitted  to  the  diaphragm. 
This  unit  weighs  i  lb.  net  and  lists  at 
$5.50.  Model  lOB  is  a  convertible  hand 
microphone  which  is  designed  to  be  ad¬ 
apted  for  stand  mounting  with  string 
suspension  by  removing  the  head  and 
inserting  four  hooks.  This  model 
weighs  3  lb.  net  and  lists  at  $10.  Fur¬ 
nished  complete  with  6  ft.  of  3  con¬ 
ductor  cordage  and  4  “quick  away 
hooks”  for  stand  mountings. 


D.C.-A.C.  Inverters 

American  Television  and  Radio  Com¬ 
pany,  St.  Paul,  Minnesota,  announce 
their  1936  line  of  inverters,  calling  at¬ 
tention  to  the  following  new  features: 
Interference  free,  all-wave  radio  opera¬ 
tion,  long  life  vibrators,  and  four  point 
voltage  regulators.  These  invertors 
are  manufactured  in  16  different  types 


with  or  without  built-in  filter  and  are 
used  in  D.C.  input  voltage  from  6  to 
220  volts.  They  supply  A.C.  output 
voltages  of  110  and  220  volts  for  the 
operation  of  standard  110  and  220  volt 
A.C.  radio,  public  address  systems, 
electrical  testing  equipment,  and  other 
electrical  devices.  Overall  dimensions 
are  approximately  73  in.  x  8  in.  x  3i  in. 


Triodc  * 

Eitel-McCullough,  Inc.,  San  Bruno,  j 
Calif.,  announce  a  new  low-capacity 
high-mu  general  purpose  triode.  It  has 
a  5  volt,  4  ampere  filament,  will  dis- 


Shure  Brothers,  215  W.  Huron  St., 
Chicago,  Illinois,  have  two  new  models 
of  carbon  microphones  of  the  2-button 
type.  Model  3B  is  desigrned  for  spring 
suspension  in  standard  carbon  micro¬ 
phone  rings.  This  unit  has  a  rigid  cast 
frame,  3  inches  in  diameter  and  a  pro- 


sipate  36  watts  on  its  tantalum  anode, 
it  is  designed  for  r-f  amplifier,  doubler, 
oscillator  and  class  B  audio  purpose 
It  is  5i  inches  high  by  13  inches  in 
diameter. 
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New,..  uTc  Ultra  Compact 
-  Audio  Units... 


them  is  negligible.  The  synchro¬ 
nizing  circuits  have  been  stabilized 
to  the  point  where  they  are  auto¬ 
matic  in  operation. 


Designed  as  companion  units  for  acorn 
and  metal  type  vacuum  tubes.  They  meas¬ 
ure  up  to  good  broadcast  standards,  hav¬ 
ing  a  response  plus  or  minus  2  DB  from 
30  cycles  to  20,000  cycles.  The  average 
weight  is  6i  ounces,  and  the  overall 
dimensions  are  lA  x  lA  x  Hi.  These 
units  are  primarily  intended  for  noise 
meter,  aircraft  and  remote  pickup  work. 
Full  descriptions  of  these  units  is  con¬ 
tained  in  the  new  UllOOD  bulletin. 


Necessity  of  Field  Tests 


All  of  the  improvements  outlined 
above  have  been  made  in  laboratory 
set-ups,  and  the  practical  field  ex¬ 
perience  with  them  is  very  limited. 
Before  the  sy.stem’s  suitability  for 
a  commercial  service  can  be  esti¬ 
mated,  it  is  vitally  nece.ssary  that 
the  apparatus  be  given  a  field  test 
under  conditions  closely  approxi-  i 
mating  those  which  will  be  en-  j 
countered  in  commercial  service.  The  i 
responsibility  for  this  field  te.st  has  ' 
been  undertaken  by  the  RCA  organi¬ 
zation,  in  which  RCA  Manufactur¬ 
ing  Co.,  RCA  Communications  and 
the  National  Broadcasting  Company, 
are  cooperating. 

Briefly,  the  plan  is  this:  A  trans¬ 
mitter  of  7.5  kw.  power  is  being  in¬ 
stalled  in  the  Empire  State  Build¬ 
ing,  and  connected  with  a  radiator 
especially  designed  to  deliver  low- 
angle  radiation  to  the  service  area 
within  a  radius  of  about  30  miles. 
Television  studios  have  been  set  up 
in  the  National  Broadcasting  Com- 
I>any  (RCA  Building,  about  1  mile 
from  the  Empire  State  Building). 
Connecting  the  two  buildings  are  to 
be  two  links,  one  a  coaxial  cable,  the 
other  a  very  high  frequency  above 
170  me.)  radio  link,  which  will  feed 
the  studio  output  to  the  transmitter. 

[  The  dimensions  of  the  system  are 
343  lines,  30  frames  per  second,  two- 
1  to-one  interlacing  (odd-line  type),  a 
;  carrier  frequency  above  42  me,  but 
■  not  yet  specified  exactly,  with  ser- 
^  rated  pulse  synchronizing  signals.  A 
^  limited  number  of  receivers,  not 
_  niore  than  100,  will  be  installed  in 
the  homes  of  RCA  technical  per¬ 
sonnel,  within  the  service  area 
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deal  more  than  they  are  admitting, 
very  little  is  known  about  the  propa¬ 
gation  of  a  television  signal  in  a 
service  area.  One  of  the  primary 
objects  of  the  test  is.  therefore,  to 
determine  the  extent  of  the  service 
area,  and  to  map  out  the  various 
percentages  within  that  area  which 
correspond  to  excellent,  good,  and 
fair  service.  The  quantitative  and 
qualitative  effects  of  noise,  both 
natural  and  man-made,  must  also  be 
determined.  Much  of  this  work  will 
be  done  with  calibrated  measuring 
equipment,  on  a  strictly  technical 
engineering  basis,  insofar  as  this  is 
possible  with  existing  methods. 

But  also  the  reaction  of  the 
listener-view’er,  w'ho  has  no  measur¬ 
ing  instruments  and  wants  none, 
must  be  evaluated.  In  addition  ! 
to  the  technical  aspects  of  coverage, 
the  performance  of  transmitting 
equipment  and  of  the  receivers, 
under  continued  ser\'ice  and  under 
inexpert  as  well  as  expert  handling, 
will  be  investigated.  The  third  as¬ 
pect  of  the  test,  which  is  only 
partially  the  concern  of  the  technical 
man  is  the  development  of  program  } 
technique.  On  the  results  of  these  j 
tests  the  next  move  depends.  If  all 
of  engineering  objectives  are  re- 
i  alized,  and  if  everybody  is  pleased 
with  the  results,  then  the  problem 
of  commercialization  calls  for  the 
huge  investment  for  transmitter 
and  receiver  manufacture. 

RCA  executives  are  inclined  to 
take  the  view  that  haste  must  be 
made  very  slowly,  because,  as  is 
readily  apparent,  television  develop¬ 
ment  is  still  in  a  state  of  flux. 
For  one  thing,  before  the  RCA  tele¬ 
vision  test  has  begun,  standards  of 
television  performance  have  been 
proposed  which  are  still  higher  than 
those  of  the  test.  The  343-line,  30- 
frame  figures  for  the  field  test  were 
chosen,  not  as  ultimate  or  standard 
values  but  as  practicable  for  test 
purposes  and  sufficiently  in  advance 
of  previous  limits  to  reveal  much- 
needed  new  information.  The  440- 
450  line  pictures  now  proposed 
look  to  the  future.  But  they,  and 
not  the  343  line  type,  will  be  the 
basis  of  commercial  service  when  it 
comes,  if  even  higher  standards  are 
not  proposed.  At  least  18  months 
will  be  necessary  before  knowledge 
is  accumulated  to  resolve  this  diffi¬ 
culty;  by  that  time  the  question  of 
commercialization  should  be  much 
easier  to  decide. 


Photo  Electric 
Apparatus 

These  instruments  incorporate 
the  Lanse  supersensitive  cells 
and  are  therefore  suitable  for 
hish-accuracy  as  well  as  low 
intensities 

Amons  the  instruments  are  — 

UNIVERSAL  COLORIMETER 

for  use  with  liquid:,  powders  or 
solids. 

ILLUMINATION  METERS  of 

various  types  —  direct  reading 
or  recording. 

PHOTOELECTRIC  CELLS  of 

highest  sensitivity  for  photo¬ 
metric  or  colorimetric  work. 

SEND  FOR  OUR 
DESCRIPTIVE  LITERATURE 

PFALTZ  &  BAUER 

INCORPORATBD 

Empire  State  Bldg.  New  York  City 


MIDGET  CAN 

Electrol  ytics 


Ideal  for  crowded  assemblies.  Smaller  cant 
.  .  .  larger  capacities.  •  Twice  the 
capacity  of  former  1"  dia.  can  units,  for 
better  filtering.  Or  height  cut  in  half,  for 
space  saving.  •  Hermetically  sealed  for 
longest  life.  Inverted  mounting.  Color- 
coded  leads  *  and  so  inexpensive. 
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Tubes  Make  Autos 

[Continued  from  page  ;?4] 


amplifier  and  associated  electronic 
inspection  equipment  a  system  of  j 
filters  was  introduced,  which  passed  j 
only  the  band  of  frequencies  which! 
were  produced  by  the  part  when ! 
struck  like  a  bell. 

At  first  it  was  thought  that  the 
filter  system  could  accomplish  the 
inspection  because  many  of  the  cast- 
injrs  with  Haws  or  cracks  produced  ' 
lower  frequencies  than  the  Kood  | 
ones.  Later  in  the  experimental  i 
work  it  was  found  that  some  of  j 
the  cracked  castinjra  produced  fre-j 
quencies  very  similar  to  the  trood  j 
ones.  As  a  result,  it  was  found  i 
necessary  to  introduce  into  this  ^ 
station  a  very  accurate  time  delay. 

.\s  the  jrood  castinijs  had  a  dura- 1 
tion  of  audible  frequency  vibrations 
lonjrer  than  the  cracked  casting, ' 
rejection  of  the  unsuited  parts,  en-  j 
tirely  automatic,  was  possible.  The  • 
jrood  castings  were  automatically  in- 1 
dexed  to  the  next  station  of  in- 1 
spection.  i 

The  measurintr  is  accomplished  I 
mechanically.  The  results  of  the ; 
mechanical  movement  of  the  measur¬ 
ing  arms  is  matrnified  by  lever  move¬ 
ment.  The  resulting  lever  move¬ 
ment  closes  contacts  for  sizes  and 
rejections.  Actually  the  contacts 
never  “make”  or  “break”  a  circuit, 
because  current  is  not  allowed  to 
pass  throujrh  these  contacts  until 
they  have  closed;  and  then  the  cur¬ 
rent  is  removed  from  the  complete 
circuit  before  the  contacts  oj^en  for 
location  or  indexing  to  the  next 
article.  This  unique  system  results 
in  indefinite  life  of  the  measurinf? 
contacts,  and  allows  jrreater  ac¬ 
curacy  without  frequent  checking. 

The  photo-electric  inspection  for 
1  32  inch  pin  holes  follows  the 
usual  jtrocedure  of  scanning  the 
complete  surface  with  a  correctly  de¬ 
signed  optical  system  between  the 
photocell  and  the  article.  It  is  rapid, 
and  rejects  many  unsuited  parts  that 
the  human  eye  would  miss. 

Many  more  interesting  applica¬ 
tions  of  the  phototube  and  other  elec¬ 
tronic  eijuipment  for  the  automobile 
industry  are  now  in  the  experimen¬ 
tal  laboratories,  and  will  be  ready 
in  the  near  future.  Some  of  these 
newer  applications  will  startle  the 
imagination  of  the  better  dreamers. 
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Wherever  the  circuit  calls 
for  resistors  .  .  .  Specify 

S.  S.  WHITE 


MOLDED 


RESISTORS 

and  assure  better  performance 


S.  S.  V^  HITE  Resistors  are  featured  by  noiseless  opera¬ 
tion.  permanent  resistance  value,  rugged  mechanical 
•strength  and  non-hygroscopic  material. 


They  are  available  in  a  comprehensive  range  of  resistance 
values  extending /roni  lyOOO  ohms  to  1,000,000  megohms, 
satisfactorily  meeting  all  requirements  ol  the  commercial, 
laboratory  and  experimental  fields. 


Thev  are  particularly  recommended  for  aircraft  radio 
and  for  all  electronic  applications  where  noiseless  opera¬ 
tion  is  a  vital  factor.  TRY  THEM  in  your  equipment. 
Write  for  descriptive  circular. 


NOISEl  TESTED 

.4t  flight  additional  co»t,  re- 
fistort  tcill  he  supplied  indi- 
riduallr  noise-tested'’’  to  this 
specification:  **For  the  com¬ 
plete  audio  frequency  range, 
resistors  shall  have  less  noise 
than  corresponds  to  1  part  in 
1.000.000.” 


(Illustrations  \ 
Actual  Size  / 


The  S.  S.  WHITE  Dental  Mfg.  Co, 

INDUSTRIAL  DIVISION 

10  East  40th  St.,  Room  231 OE,  New  York,  N.  Y. 


PATENTS  REVIEW 

^^ATENTS  indicate  trends.  Next  year’s  radio  circuits, 
“  applications  of  electron  tubes  for  non-communication 
purposes,  new  tube  types,  new  materials,  may  be  discovered 
by  following  United  States  and  British  inventions. 


Electron  Tube  Applications 

Magnetic  analysis.  Use  of  a  cathode 
ra>  oscillograph  for  indicating  propor¬ 
tionately  differences  in  permeabilities 
and  in  coercive  force.  K.  L.  Scott, 
W.  E.  Co.  No.  2,035,248. 


relative  to  the  core,  etc.  Rolf  Selquist, 
R.  Overholt  and  J.  H.  Gordon,  assigned 
Copperweld  Steel  Co.  No.  2,033,654. 

Phase-sequence  indicator.  A  pair  of 
neon  discharge  tubes  and  a  con¬ 
denser  connected  in  Y,  said  tubes 


Electrical  musical  instrument.  Patent 
No.  2,033,440  to  Benjamin  F.  Miessner, 
Milburn,  N.  J.,  involving  a  combination 
of  several  tuned  vibrators  and  mechan¬ 
ical  coupling  means  engaging  all  of 
said  vibrators  and  supported  solely 
thereby.  No.  2,017,542  and  2,035,238 
to  Nicholas  Langer,  Deep  River,  Conn., 
involving  glow-discharge  lamps,  con¬ 
densers,  etc.  No.  2,035,836  to  R.  H. 
Ranger,  Newark,  N.  J.,  on  a  method  of 
producing  synthetic  musical  notes  by 
supplying  to  a  modulating  electrical 
circuit  in  modulating  relation  oscilla¬ 
tions  of  the  frequency  of  the  funda¬ 
mental,  etc.,  and  other  audio  frequencies. 
No.  2,031,764  and  2,033,232  to  Ivan 
Eremeeff,  Philadelphia,  Pa.,  on  a  photo¬ 
electric  method. 

X-ray  intensity  meter.  No.  2,037,- 
924.  H.  C.  Rentschler. 


Stethoscope.  A  microphone  followed 
by  a  three  stage  amplifier.  Joseph 
Weinstein,  Brooklyn,  N.  Y.  No.  2,035,- 
034. 

Dosimeter.  Device  for  measuring 
applied  dosage  emanating  from  a 
source  generating  rays  within  the  in¬ 
visible  portions  of  the  spectrum,  em¬ 
ploying  a  condenser  which  is  charged 


to  periodically  cause  the  breakdown  of 
a  glow  discharge  tube.  Arthur  Mut- 
scheller,  Wappler  Electric  Co.  No. 
2,036,072. 

Photoelectric  circuit.  Combination  of 
photo  tube,  amplifier,  power  supply,  etc. 
A.  J.  McMaster  and  J.  G.  Wells,  G-M 
Labs.,  Inc.  No.  2,035,906  and  2,035,907. 

Tube  measuring  equipment.  Patents 
2,031,923  to  2,031,926,  inclusive,  to 
E.  L.  Bowles,  Watertown,  Mass. 

Burglar  alarm  system.  Loud-speak¬ 
ing  receiver  having  a  diaphragm  within 
a  vault  to  be  protected.  R.  V.  L.  Hart¬ 
ley,  B.  T.  L.,  Inc.  No.  2,031,951. 

Magrnetic  measurement.  Magnetic 
apparatus  for  measuring  relatively 
small  distances,  for  example  the  thick¬ 
ness  of  a  non-magnetic  coating  on  a 
magnetic  base  comprising  a  core,  a 
probe  of  reduced  cross-sectional  area 
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having  a  critical  voltage  greater  than 
(v'3  —  l)/2  times  the  line  voltage  of 
the  system.  A.  R.  Hand,  G.E.  Co.  No. 
2,027,864. 

Electric  clock.  Use  of  a  pendulum, 
triode,  amplifier,  etc.  A.  F.  Poole, 
No.  2,033,899. 

Depth  measurement.  An  impact 
striker  for  generating  a  single  sharp 
sound  impulse,  a  receiver  for  receiving 
the  sound  after  reflection  from  the 
object  or  surface  whose  depth  is  to  be 
measured.  E.  E.  Turner,  Submarine 
Signal  Co.  No.  2,033,160. 

Electrical  measuring  instrument. 
Vacuum  tube  in  a  bridge  circuit  sup¬ 
plied  by  a  rectifier  for  measuring  un¬ 
known  resistances,  etc.  G.  K.  Graham, 
Oceanside,  N.  Y.  No.  2,033,465. 

Rotating  machine  control.  Patent 
No.  2,031,942  to  J.  M.  Duguid  and 
J.  H.  Sole,  B.  T.  L.  and  J.  F.  Kovalsky, 
Westinghouse  E&M  Co.  No.  2,032,176. 


Illumination  control.  Phototube  sys¬ 
tem  for  maintaining  the  intensity  of 
illumination  constant  over  a  predeter¬ 


mined  area  notwithstanding  wide  varia¬ 
tions  in  the  uncontrolled  components  of 
the  illumination.  G.  W.  Calver,  U.  S. 
Navy.  No.  2,030,854. 

Power  conversion.  A.  H.  Mittag, 
No.  2,034,524,  G.E.  Co. 


I’hase  indicator.  Stationary  coil  hav¬ 
ing  a  magnetizable  core,  a  rotatable 
magnetic  member,  amplifier,  synchro¬ 
nous  motor,  etc.  W.  A.  Tolson,  RCA. 
No.  2,036,444. 

Resistance  measurement.  Use  of  an 
amplifier  for  measuring  the  resistance 
of  the  earth  as  a  geophysical  device. 
James  Boyd,  Denver,  Colo.,  and  B.  Mor¬ 
itz,  Chicago.  No.  2,036,193. 

Conversion  system.  Method  of  trans¬ 
mitting  light  variations  by  tran.smit- 
ting  frequency  variations.  J.  H.  Ham¬ 
mond,  Gloucester,  Mass.,  No.  2,036,869. 


Record  verifying  machine.  Means 
including  a  light  sensitive  cell  for  sens- 


etc.  R.  L.  Palmer,  International  Busi¬ 
ness  Machines  Corp.  No.  2,039,8‘52. 

Synchronizing  system.  Use  of  * 
vacuum  tube  amplifier  with  an 
motor  having  electrically  independent 
motor  and  generator  coils.  R.  Adler, 
RCA.  No.  2,039,869. 

Anti-hunting  system.  In  a  po.sitionsl 
control  for  heavy  objects  having  means 
for  producing  and  receiving  a  signal,  * 
reversible  power  motor  for  driving  tn* 
object,  a  tube  circuit  is  used  for  con’ 
trolling  the  motor  as  to  toniue  an 
direction.  F.  L.  Mosely,  Sperry  Gyr®" 
scope  Co.  No.  2,040,014. 
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TVrK  TS-.Vl  TKKMINAI.  STKIT- 
Hii  iiniitU)*  drklKH  to  farilitatr 
liriHiurtlon  and  up  Holilrr- 

InK.  TrrniinaU  fnrinrd  from 
onr  pi«^«*  itlvr  r\tra  threads.  J 
L  prevent  strippinc.  I'niver- 
^^kal  In  appliralion. 


Standard  and  tpecial  parln  for  the  radiit  trade.  Write  for  catalog. 

II.  KIIV,  IsXl..  206C>  Hunting  l*ark  Ave.,  Philadelphia.  Pa. 


reproducer  system.  Herbert  Lissauer, 
Telefunken.  Berlin.  No.  2,038,744. 


Attenuator.  A  mixing  system  for 
phonograph  pick-up,  microphone,  radio 
receiver,  etc.  A.  R.  Hopkins,  RCA.  No. 
2,037,236. 


Method  of 
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TERMINALS 


ENCLOSURES 


MOUNTINGS 


DUST 


Amplifier  Circuits 

Direct  coupled  system.  S.  Y.  White, 
RCA.  No.  2,032,193. 


Hum  eliminator.  Method  of  prevent¬ 
ing  interference  in  a  tube  amplifier 
from  the  fiuctuating  component  of  a 
uni-directional  current  by  using  resist¬ 
ance  elemepts,  at  least  one  of  which 
is  compris^  of  a  granular  material 
having  a  hyperbolic  resistance-ampere 
characteristic  and  having  free  carbon 
as  an  ingredient  and  means  for  hold¬ 
ing  the  grains  together  under  pressure. 
On  the  patent  this  material  is  labeled 
“Thyrite.”  R.  A.  Braden,  RCA.  No. 
2,032,199. 


Linear  amplifier.  In  the  anode  cir¬ 
cuit  of  an  amplifier  is  placed  a  resis¬ 
tance  element,  which  has  a  non-linear 
current  voltage  characteristic.  Ordin¬ 
arily  the  tube  has  a  non-linear  plate 
characteristic  but  when  used  with  this 
material  it  assumes  a  linear  charac¬ 
teristic.  Irving  Wolff,  RCA.  No. 
2,017,192. 


is  made  for  you 

Vitrohm  Resistors  are  available  in  a 
wide  variety  of  sizes,  ratings  and  ter¬ 
minals.  Your  “special”  requirements 
can  be  satisfied  by  combinations  of 
standard  Ward  Leonard  Resistors. 
Send  for  these  bulletins.  You  will 
find  them  most  useful  in  solving  your 
resistor  problem. 


Model  4Z1 — 
4'  Square 
0-1  DC. 
Milliammeter 


Band  pass  network.  A  pair  of  tuned 
circuits  having  a  common  capacitor  and 
a  bridging  capacitor  between  the  cir¬ 
cuits  being  properly  proportioned  to 
provide  a  constant  band  width  over  a 
range  of  frequencies.  John  S.  Low, 
AT&T  Co.  No.  2,018,140. 


Model  33(i — 

3’  Squan* 
0-1  D.C. 
Milliammeter 


Tells  about  Vitrohm 
Wire  Wound  Resistors, 
gives  sizes,  watt  rat¬ 
ings. 


Hkoloi  tkotc  relative  tixe  at  "SKW"  3’  iqaare  Iniirs- 
mmlt.  Triplelt  3“  /ntirumentt  new  araUabia  in  all 
popnlar  rattgei  at  attractive  prieee. 

QUALITY  in  fine  instruments  is  de¬ 
pendent  upon  infinite  care  in  manu¬ 
facturing.  Dust,  because  of  its 
minuteness,  is  truly  the  enemy  of 
precision. 

In  the  new  Triplett  factory  dust  is 
sealed  out:  the  entire  manufacturing 
space  is  airconditioned  and  the  air  is 
filtered.  The  temperature  —  another 
important  factor  in  building  precision 
instruments  —  is  permanently  con¬ 
trolled,  both  winter  and  summer.  A 
truly  modern  plant,  modernly 
equipped  for  producing  today’s  most 
modern  instruments. 

Try  Triplett  Instruments  for  a  new 
conception  of  Quality. 

TRIPLETT  MANUFACTURES  a 
complete  line  of  all  sizes  and  styles 
electrical  measuring  instruments  for 
radio,  electrical  and  general  industrial 
purposes  both  standard  and  custom 
built.  If  you  have  an  electrical  intru- 
ment  problem,  write  to  TRIPLETT. 


Gaseous  tube  amplifier.  No.  2,017,- 
910,  Michel  Macksoud,  The  Electron 
Corp.,  East  Orange,  N.  J. 


BULLETIN  19 

Describes  Ward  Leon¬ 
ard  Ribflex  Resistors 
for  unusually  heavy 
duties. 


Relay.  An  electrical  polar  relay  for 
converting  alternating  current  signal 
impulses  into  spaced  direct  current  im¬ 
pulses.  W.  B.  Wells,  Pearl  Harbor, 
Hawaii.  No.  2,025,078. 


Rectifier  supply  system.  Two  recti¬ 
fier  tubes  and  a  pair  of  conductors  con¬ 
nected  to  a  source  of  a-c.  The  con¬ 
ductors  are  so  interleaved  that  they 
produce  a  continuous  electromagnetic 
field  of  the  same  polarity.  August 
Hund,  Wired  Radio,  Inc.  No.  2,017,658. 


Is  a  treatise  of  stand¬ 
ard  and  special  mount¬ 
ings  and  enclosures. 


Voltage  control.  An  a-c  generator,  a 
glow  tube  across  the  output  circuit  of 
the  generator,  and  means  including  a 
relay  in  series  with  the  tube  for  vary¬ 
ing  the  field  strength  of  the  generator. 
M.  R.  Miller,  Associated  Electric  Lab¬ 
oratories,  Inc.  No.  2,035,613. 


BULLETIN  22 

Is  about  plaque  type 
non-inductive  and  non- 
capacitive  resistors. 


•  pAecidoK" 

ELBCTRICAL  INSTRUMENTS 


Short  circuit  detector.  Circuit  for 
detecting  shorts  in  vacuum  tube  manu¬ 
facture.  H.  P.  Manly,  Wilmette,  Ill. 
No.  2,033,347. 


WARD  LEONARD 

RELAYS  •  RESISTORS  •  RHEOSTATS 


WARD  LEONARD  ELECTRIC  CO. 
32  South  Street 
Mount  Vernon,  N.  Y. 


Triplett  Klretrieal  Instrument  Co. 

‘j.TO  Harmon  l>r..  RlnlTton.  Ohio 

■Without  obligation  pleaae  send  me 

□  More  information  on  NEW  Square 
(■truments 

□  New  10.36  Catalogue. 


Grid  current  compensation.  An 
auxiliary  tube  connected  between  the 
grid  and  the  cathode  of  a  main  ampli¬ 
fier  tube,  nullifying  the  effect  of  grid 
current.  C.  E.  Fay,  BTL,  Inc.  No. 
2,033,278. 


Please  send  me  Bulletin  No. 


Name 


Name 


Firm 


Address 


Address 


Multiplex  transmission.  No.  2,028, 
805,  R.  H.  Ranger,  RCA. 


state 
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Distortion  compensator.  In  an  am¬ 
plifier  an  element  in  one  of  the  circuits 
traversed  by  currents  depending 
upon  distortion,  and  means  for  apply- 
ing  a  potential  having  a  definite  rela- 
V  tion  to  the  flow  of  currents  through 
n  this  element,  to  a  part  of  the  system  ^ 
here  it  will  compensate  for  the  dis-  ^ 
tortion.  Hans  Bartels,  Telef unken,  ; 
Germany.  No.  2,035,289. 

Selective  circuits.  An  antenna  cou¬ 
pling  network  operative  over  a  band 
of  frequencies.  H.  A.  Wheeler,  Hazel-  ■ 
tine  Corp.  No.  2,026,075. 

Push-pull  amplifier.  The  control  [ 
electrodes  of  this  push-pull  amplifier 
connected  to  the  cathodes  through  a 
path  of  substantially  low  impedance  to 
direct  current  whereby  the  control  elec¬ 
trodes  are  at  the  same  d-c  potential  as 
the  cathodes  throughout  the  operation 
of  the  stage.  Means  for  coupling  the 
source  to  the  input  electrodes  of  the  j 
push-pull  tubes  in  such  a  manner  that  I 
the  potential  level  of  the  a-f  energy  is 
decreased  to  a  predetermined  lower  ! 
potential  level,  said  push-pull  tubes  | 
being  potential  type,  and  operating  as  ' 
a  class  A  amplifier.  W.  S.  Barden, 
RCA.  No.  2,017,199.  See  No.  2,023,-  ; 
506  to  L.  E.  Barton,  RCA.  j 


Generator.  A  vibratory  structure, 
for  example,  tuning  fork,  pick-up  coils, 
etc.  A.  J.  Williams,  Leeds  &  Northrop  100.4  c  c. 

Co.  No.  2,034,787.  '  1884  E.  40lh  St. 


#  A  specially  designed,  general  purpose  microphone  for  remote 
pickup,  "P.  A.”  and  C4>mmercial  interstation  transmission  work. 
Low  in  price  .  .  .  but  built  to  Brush’s  traditionally  high  mechani¬ 
cal  and  electrical  standards.  Wide  frequency  response.  Non- 
directional.  No  diaphragms.  No  distortion  from  close  speaking. 
Trouble-free  «»peration.  N«>  button  current  and  no  input  trans¬ 
former  to  cause  hum.  Beautifully  finished  in  dull  chromium. 
Sire  only  21  inches  in  diameter.  Weight  5  oz.  Output  level 
minus  66  I).  B.  Locking  type  plug  and  socket  C4)nnector  for 
either  suspension  or  stand  mounting  furnished  at  no  extra  cost. 
Full  details.  Data  Sheet  No.  13.  Free.  Send  for  one. 


#  For  after  dinner  and  convention  speakers,  lecturers,  etc. 
Gives  great  mobility — the  smallest,  lightest  microphone 
on  the  market.  Size  1}  x  ll  x  f.  Weight  with  coat  attach¬ 
ment  less  than  1  oz.  Special  internal  construction  and 
rubber  jacketed  outer  case  insures  quiet  operation.  No 
interference  from  breathing  noises,  etc.  Typical  Brush 
sound  cell  response  and  trouble-free  operation.  Details 
on  request. 


P  I  E  Z 

ELECTRIC 


CLEVELAND,  O. 


Frequency  multiplier.  Mendel  Osnos,  I 
Telefunken,  Germany.  No.  2,013,806. 

I 

Key  click  filter.  Reuben  Lee,  WE&M 
Co.  No.  2,020,950  I 

Single  side  band  transmission.  E.  S. 
Purington,  Glouee.ster,  Mass.  No.  | 
2,020,327.  .4  phase  modulation  system. 

Rectifier  control.  Smoothly  control¬ 
ling  the  output  of  an  arc  rectifier  hav¬ 
ing  separate  potential  control  of  igni¬ 
tion  time  throughout  its  entire  range  ' 
from  no  current  to  full  current  by  im¬ 
pressing  on  the  ignition  control  con¬ 
stant  alternating  potential  of  the  same 
frequency  as  the  input  power  and  lag-  I 
ging  the  same  by  90  deg.,  and  a  con-  i 
trolling  d-c  potential  for  operation  for 
^id  entire  range.  W.  H.  Howe,  At¬ 
lantic  Precision  Instrument  Co.  No. 
2,020,314.  j 

Frequency  stabilization.  Patents  j 
i  2.017,894,  W.  G.  Cady,  RCA;  No. 

^  M  to  R.  L.  Downey,  GE;  and  > 

r  No.  2,019,765,  Mendel  Osnos,  Tele-  i 

^  constant  frequency 
oscillator.  B.  J  Witt  RPA  Nn 
2,034,735.  ^ 

J  T  No.  2,022,412  to  L.  Egyed. 

M  Berlin.  No.  2,019,503  to 
Washington,  D.  C.  No. 
1  Steimel,  Telefunken. 

4  detector  circuits. 
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MICROPHONES  •  MIKE  STANDS  •  TWEETERS  •  HEAD  PHONES  •  LOUD  SPEAKERS 


|1EHLEI( 


ATTENUATORS 

Now  Better  Than  Ever! 


*  Silver  contact 
points 

*  Silver  lami¬ 
nated  spring 
contact  arm 

*  Ball  bearing 
rotor  shaft 

*  Clock  spring 
pigtail  connec¬ 
tion  to  contact 
arm 

*  Standard  im¬ 
pedances 


Electrical  improvements  insure  absolutely  noiseless  operation  and 
reduce  cleaning  and  maintenance.  Mechanical  improvements 
provide  unequalled  ease  of  operation  and  lonq  life.  Equalized 
input  and  output  impedances  and  the  uniform  attenuation  charac¬ 
teristic  of  Remler  attenuators  remain  unchanged. 

Standard  impedances  are  50,  200,  250  and  500 
ohms.  Special  values  to  order. 

REMLER  COMPANY,  Ltd. 

2101  Bryant  Sf.  San  Francisco  m  Jmm 


REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 
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Radiation  suppressor.  Use  of  a  filter 
in  the  power  transformer  circuit.  M. 
G.  Clay,  RCA.  No.  2,039,634. 


Hiph  frequency  oscillator.  Circuit 
for  prenerating  ultra  high  frequency 
electromagnetic  wave  comprised  of  a 
triode.  Between  the  grid  and  the  posi¬ 
tive  terminal  of  a  battery  connected 
to  the  cathode  is  a  choke.  In  series 
with  the  anode  is  a  second  choke. 
Across  the  outer  terminal  .of  this  choke 
and  the  cathode  are  a  resistance  and 
capacity  in  shunt.  The  plate  is  main¬ 
tained  negative  with  respect  to  the 
cathode.  E.  Fetterowsky  and  Heinz 
Lux,  Telefunken.  No.  2,031,101. 


erence 


jC  of  ail  stations  using  in¬ 
stantaneous  recording  installations 
are  Presto  equipped. 


Multi-tube  oscillator.  A  tube  com¬ 
prising  six  actual  and  one  virtual  ele¬ 
ment  for  generating  beats.  F.  H 
Engel,  RCA.  No.  2,031,100. 


Crystal  circuit.  Circuit  comprising 
several  piezoelectric  crystals  which 
may  be  connected  into  the  circuit  by 
means  of  a  switch.  L.  A.  Gebhard. 
Wired  Radio,  Inc.  No.  2,031,767. 


Potential  changer.  Two  patents.  One 
to  W.  P.  Lear,  M.  E.  Nulsen  and  R.  S. 
Yoder,  P.  R.  Mallory  &  Co.,  No.  2,032,- 
424.  The  other,  R.  J.  Koegh,  Chicago. 
No.  2,020,362,  on  means  for  deriving 
direct  current  of  a  given  potential  from 
a  source  of  direct  current  of  a  different 
potential. 


inexpensi\e  adjiislalilr  re 
isilivily  control,  hum  ron- 
y  other  applications. 

-M  ound  I.mH  thiin  I  iilim  I. 
-hole  ^  inoo  ohms.  1  »•« 
rHlInie. 

Slotted  khiifturiihii 
shaft. 


High  frequency  system.  Two  patents. 
N.  E.  Lindenblad,  No.  2,027,919  and 
C.  W.  Hansell,  No.  2,028,866,  both  to 
RCA  on  ultra  short  wave  communica¬ 
tion  system. 


Only  I  diu.  fro- 

Jeet*  front  and 

hark  of  panel. 


Electron  coupled  oscillator. 
Parker,  Rogers  Radio  Tubes, 
2,030,931. 


.'ilHI  deK.  total  ri>ta 
tion. 


.'\nd  HO  inexiH-iKio' 


rr  f'ltP  bulletin  No.  a  featnriiiK  Huh 

rr  Serlen  \No  -uba* 

reHlHtanre  problemk  for  enflneerinic  aid  and  tie 


Modulation  Methods 


Frequency  modulation.  The  follow¬ 
ing  three  patents  are  devoted  to  this 
subject:  No.  2,027,044,  Rudolf  Hofer 
and  W.  Kummerer,  Telefunken,  Berlin. 
No.  2,027,975  to  C.  W.  Hansell.  RCA. 
No.  2,032,403,  M.  G.  Crosby,  RCA. 


MANUFACTURERS  OF  EVERYTHING 
FOR  RECORDING  FROM  A  NEEDLE  TO 
A  COMPLETE  STUDIO  INSTALLATION. 
Export  Division  (except  Australia  and 
Canada). 

M.  SIMONS  &  SONS.  INC. 

25  Warren  St..  New  York  City 
Cable:  Simontrice.  N.  Y. 


285  North  Sixth  St. 

Brooklyn,  M. 


IMWj 


Push-pull  system.  A  pair  of  four- 
electrode  tubes  symmetrically  arranged 
with  symmetrical  input  circuit,  an  out¬ 
put  including  series  capacities  and  in¬ 
ductance.  Andre  Cottet,  Paris,  France. 
No.  2,023,780. 


Gaseous  modulator.  Use  of  a  varil 
able  gas  column  associated  with  a  crys¬ 
tal  for  modulation  purposes.  Mendel 
Osnos,  Telefunken.  No.  2,025,955. 


Modulation  method.  Modulating  in 
a  low  power  high  frequency  carrier  by 
a  signal  current,  deforming  a  relatively 
high  power  low  frequency  carrier  by 
the  first  modulated  high  frequency 
carrier.  No.  2,026,005,  George  Wald, 
Mount  Clemens,  Mich. 
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DILOPHANE 

for  DIALS 


A  new  dial  material  that  is  relatively  non-warping  and  does 
not  change  materially  in  form,  size  or  appearance.  Prints 
beautifully.  Punches  cleanly.  Translucent.  Pleasing  colors. 
pA'onomical. 

Let  u»  tell  you  more  about  it. 


circuit;  1,403,932,  R.  H.  WiLson,  Elec¬ 
tron  dii^charjfe  device;  1,. 507,016,  L.  de 
Forest,  Radio  signaling  system;  1,507,- 
017,  same.  Wireless  telegraph  and  tele¬ 
phone;  1,618,017,  F.  Lowenstein  Wire¬ 
less  telegraph  apparatus;  1,702,833, 
W.  S.  Lemmon,  Electrical  condenser; 
1,811,095,  H.  J.  Round,  Thermionic 
amplifier  and  detector,  D,  C.,  S.  D. 
Calif.  (Los  Angeles),  Doc.  E  528-C, 
Radio  Corp.  of  America  et  al.  v.  D.  IF. 
Smith  (Westport  Mfg.  Co.).  Decree 
pro  confesso  for  plaintiffs,  holding 
patent  valid,  injunction  granted  Feb. 
5,  19:16. 

1,354.9:19,  H,  D,  Arnold,  V’acuum 
tube  device;  1,459,412,  A.  M.  Nicolson, 
Thermionic  translating  device;  1,479,- 
778,  H.  J.  Van  der  Bijl,  Vacuum-tube 
device;  1,537,708,  W.  Schottky,  Ther¬ 
mionic  vacuum  tube,  D.  C.  N.  J.,  Doc. 
E  5172,  Radio  Corp.  of  America  et  al. 
y.  Aretunis  Radio  Tube  Co.  Dismissed 
Jan.  7,  1936. 

1.297,188,  I.  Langmuir,  System  for 
amplifying  variable  currents;  1,573,- 
374,  P.  A.  Chamberlain,  Radio  con¬ 
denser,  I).  C.,  S.  D.  Calif.  (Los  An¬ 
geles),  Doc.  E  527-M,  Radio  Corp.  of 
America  et  al.  v.  D.  IF.  Smith  (lFc«(- 
Vort  Mfg  Co.).  Decree  pro  confesso 
holding  patents  valid  and  infringed 
Feb.  5,  1936. 

1.712,214,  L.  L.  Jones,  Tuned  radio 
frequency  amplifying  system;  1,770,- 
524,  same  amplifying  system,  D.  C., 
S-  D.  X.  Y.,  Doc.  E  57/100,  L.  L  Jones 
**  of.  v.  Radio  Corp.  of  America.  Con¬ 
sent  order  dismissing  cause  without 
prejudice  (notice  Jan.  17,  1936). 

1.714,191,  1,710,073,  S.  Ruben.  Elec¬ 
trical  condenser,  filed  Feb.  3,  1936, 
W  C.,  E.  D.  N.  Y.,  Doc.  E  7882,  Ruben 

ondevsey  Co.  et  al.  v.  Walgreen  Co., 
fne-.  et  al. 


CONTINENTAL-DIAMOND  FIBRE  CO 

NEWARK,  DELAWARE 


A  truly  porta 
new  Oscillosjr 


Light-weight  i  18  Ibe.l,  simplified  control,  and 
complete  performance  are  features  of  the  new 
Dumont  Type  1S4  Oscillograph.  An  instru¬ 
ment  of  quality  available  at  the  lowest  price 
ever  listed  for  a  Cathode  Ray  Oscillograph. 
The  Type  154  performs  every  important  oscil¬ 
lograph  function  and  has  many  exclusive 
features.  A  single  amplifier  suffices  for  align¬ 
ment,  flat-topping  of  IF  circuits,  measuring 
hum  and  distortion,  checking  audio  qusdity,  etc. 


PATENTED  SWEEP  CIRCUIT:  The  Du¬ 
mont  sweep  circuit  is  the  most  linear  sweep  yet 
devised.  Utilises  discharge  of  condenser 
rather  than  charge.  The  only  commercial 
3-inch  osciUograph  using  a  pentode  tube  as  a 
constant  current  regulator.  Widest  range 
sweep  enables  observation  of  waves  from  10  to 
1,000,000  cycles.  Extremely  rapid  return 
trace:  fast  stiuting  and  stabilizing  sweep. 
Sensitivity  .75  volts  per  inch.  Gives  large 
images  from  low  voltages. 


HIGH  GAIN  AMPLIFIER:  Highest  gain 
offered  in  any  commercial  OsciUograph.  Volt¬ 
age  gain  100  between  10  and  100,000  cycles; 
Only  portable  3-inch  oaciUograph  designed  so 
signals  may  be  applied  directly  to  deflector 
plates  enabling  measurement  of  DC  potentials 
and  very  high  frequency  patterns. 


Dumont  Model  154 


CONTROLS:  All  on  front  panel.  Single  knob 
control  of  signal  input  voltage,  sweep  frequency, 
amplitude  and  focusing. 


Completely  AC  operated  from  110-120  volt 
mains.  Calibrated  scale  supplied  with  unit. 


Writs  Dspt.  6JS  tor  furthor  data  or  distributor  franehiso. 
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Introducing 

an  improved 
general  purpose 

OSCILLOGRAPH 

and  three  newly 
developed  instruments 
for  extending  its  use. 

(Units  matched  for  size) 

TVPEPRIOOOSCIL. 

LOGRAPH.  This 
cathode  ray  oscillo¬ 
graph  utilizes  a  three 
inch  tube,  a  patented 
sweep  oscillator  to  en¬ 
able  viewing  6  to 
1 ,000,000  cycles,  an 
amplifier  For  either  or 
both  oF  the  deflection 
plates,  two  control  switches  to  give  eight 
useful  combinations  of  the  amplifiers  and 
of  the  sweep  with  either  or  both  deflec¬ 
tion  plates  There  is  a  perfect  independ¬ 
ence  of  controls,  no  variation  in  frequency 
occurs  with  a  change  in  amplitude,  and 
an  exceedingly  rapid  return  trace  since 
the  sweep  does  not  pass  through  an 
amplifier.  This  oscillograph  weighs  22 
pounds  and  possesses  many  other  fea¬ 
tures  not  found  on  oscillographs  of  this 
price  class. 

List  Price  St4.50 

TYPE  PR  SOO  ELEC> 
TRONIC  SWITCH. 

This  electronic  switch 
used  in  connection  with 
a  cathode  ray  oscillo¬ 
graph  oermits  simulta¬ 
neous  observation  of  any 
two  recurring  or  tran¬ 
sient  phenomena,  such 
as  voltage  and  current,  the  switching  and 
switched  current  in  relays,  etc.  THIS  IS 
THE  ONLY  ELECTRONIC  SWITCH 
OFFERED  TO  THE  TRADE  FOR  THE 
OBSERVATION  OF  TRANSIENT 
PHENOMENA. 

List  Price  $4t.50 

TYPE  PR  400  AL¬ 
TERNATING  CUR¬ 
RENT  AMPLIFIER. 

This  amplifier  has  an 
unusually  wide  range 
with  flat  top  amplifica¬ 
tion  between  10  cycles 
and  2,000,000  cycles; 
the  highest  gain  is  ap¬ 
proximately  1 ,000  and  is  controllable 
down  to  zero. 

List  Price  $34.S0 

TYPE  PR  300  DIRECT  COUPLED 
AMPLIFIER.  This  amplifier  has  a  con¬ 
trollable  current  and  very  low  frequencies 
up  to  100,000  cycles. 

List  Price  $34.S0 

Write  for  more  detailed  data  on 
th^  fotar  instruments  to 

ELECTROLAB  INC. 

BLOOMFIELD,  NEW  JERSEY 

ELECTRONIC  RESEARCH  AND 
MANUFACTURE 


British  Patents 


Radio  Circuits 

A.V.C.  Circuit  for  producinpr  A.V.C. 
potentials  and  of  muting  action.  Tele- 
funken.  No.  440,483. 

Modulating  system.  A  modulating 
system  particularly  intended  for  tele¬ 
vision  transmission,  and  designed  to 
prevent  the  modulating  signal  from  ap¬ 
pearing  in  the  output  circuit,  comprises 
a  pair  of  push-pull  tubes  biassed  be¬ 


yond  the  bottom  bend  of  their  charac¬ 
teristics.  A  third  tube  is  connected 
across  the  plate  resistance  of  one  of 
the  push-pull  tubes.  G.  Krawinkel, 
Berlin.  No.  440,474. 

Tuning  aid.  To  facilitate  aural  tun¬ 
ing  an  A.V.C.  bias  is  derived  which  is 
dependent  both  on  the  signal  strength 
and  on  the  difference  between  the  car¬ 
rier  frequency  and  the  frequency  to 
which  the  receiver  is  tuned.  Murphy 
Radio,  London.  No.  440,494. 

Class  B  system.  To  prevent  distor¬ 
tion  in  a  push-pull  Class  B  amplifier 
due  to  variation  of  anode  supply  volt¬ 
age,  the  grid  bias  is  varied  in  depen¬ 
dence  on  the  anode  voltage.  Telefunken. 
No.  440,612. 

Regenerative  circuit.  A  tickler  feed¬ 
back  circuit,  the  tube  operating  on  the 
lower  bend  of  its  characteristic  and 
including  in  its  anode  circuit  an  ohmic 
coupling  resistance  having  a  positive 
temperature  coefficient  such  that  in¬ 
crease  in  anode  current  to  the  value  at 
which  self-oscillation  begins  is  pre¬ 
vented.  W.  Neumann,  Kolberg,  Ger¬ 
many.  No.  440,856. 

Synchronizing.  The  synchronizing 
signal  consists  of  an  oscillation  with  a 
frequency  equal  to  a  multiple  of  the 
line  frequency,  and  is  weakened  or  in¬ 
terrupted  for  a  brief  period  to  form 
the  image-change  signal.  D.  S.  Loewe, 
Berlin.  No.  442,333. 

Television.  A  saw-tooth  current  gen¬ 
erator  comprises  a  back-coupled  tube 
with  an  inductance  coil  in  its  plate  cir¬ 
cuit,  the  current  through  the  inductance 
coil  rising  gradually  during  the  trace 
portion  of  the  wave,  and  falling  rapidly 
to  zero  when  the  conditions  are  changed 
by  saturation  or  by  a  synchronizing 
signal.  Marconi  Co.  No.  442,334. 


Professional 
Service  • 


ISABEL  S.  BEMIS 

M.\TIIKM.\TU  H4IM  THINS 
Utitiio  I-'riffinefrinff  Prohiemn 
Kifirtn  yeniH  rxitvrifiici- 
('airulalion  of  IHrritIve  .\ntfniia  lilaKraniH. 
of  Radio  rirhl  Inlctmllv  Hala  ItroatlrMSt  (  oter 
ago  and  Population  Stiidlei.  Ilarmonir  Analyili  of 
(unrrs.  <3fnpra1  SiatUtUal  Work 

431  \.  Walnut  St  ,  Kant  (irange.  \  J 


BLILEY  ELECTRIC  CO. 

Desiuners — Manufacturers 

Quartz  Crystals  (or  standard  or  spiH;ial 
radio  frequency  applications. 

Inquiries  Invited. 

240  Union  Station  Bldr. 

Erie.  Penna. 


ELECTRICAL  TESTING 
LABORATORIES 

ChararlfrlRtlrA  snd 
Life  Tests  of  Vacuum  Tubes 
Tritt  of  ptHilo  relit.  kIo*  liitiiK  rmlrr  lampi 
Tr»ti  of  flertronlr  mil  iipllral  ilrvlrrt 
80th  Street  and  East  End  Avenue 
New  York.  N.  Y. 

Phone  Butlerflriil  8  ifiSO 


BERNARD  EPHRAIM,  E.E. 

Expert  Foreign  Technicaf  Translator 
Patent  Specifications  Eneineerinc  ArticiM 
French.  Spanish.  Italian.  German 
Box  4040.  San  Francisco.  Californis 


HUDSON  BROS.  MFG.  CO.,  Inc. 

539-41  43nd  81..  Union  Oty,  N.  J 
Deiifneri  and  roniultanti  for  experimental  llts 
sppsratui.  pyrei  and  soft  glaii. 
Aiplrator  Pumps  Around  Joint! 

Arsded  Seals  Stop-Cock  Ansie 

Stop-f'orki  l*yrez  and  McLeod  Asuiiet 

Soft  Alssi  Traps  of  all  tvpei. 

Olass  Apparatus  Made  to  Blue  Print  Speeiiiraluei 
Tel.  Palisade  6  394S 


The 

Solution  of  I 

Your  Problem 

j 

in  the  field  of  Electronic  j 

devices  may  be  found  through  ! 

enlisting  the  services  of  the  | 

Consultants  whose  cards  ap¬ 
pear  on  this  page.  | 

This  is  a  highly  specialized  I 

field  and  spedalists  are  there¬ 
fore  better  able  to  undertake 
the  rapid  developments  neces¬ 
sary  to  keep  in  step  with  mod¬ 
ern  manufacturing  progress. 
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A.V.C.  system.  Voltages  for  A.V.C. 
are  derived  from  a  point  on  a  high  re¬ 
sistance  and  a  point  on  a  high  voltage 
supply,  the  cathode  of  a  diode  detector 
being  connected  to  a  point  on  the  sup¬ 
ply  and  the  anode  to  a  point  on  the 
resistance  having  the  same  potential 
in  the  cathode  in  the  absence  of  de¬ 
tector  current.  H.  A.  Wheeler,  Hazel- 
tine  Corp.  No.  441,171. 


Library  of 


ALDAX 


Record  device.  In  a  system  for  auto¬ 
matically  controlling  the  starting  and 
stopping  of  sound-reproducing  an¬ 
nouncement  or  record,  there  is  provided 


The  »ttandar<i  by  which  others 
are  judged  and  valued. 


Recently,  the  U.  S.  Library  of 
Conifress  was  in  the  market  for 
FIVE  THOUSAND  Electric 
pick-ups  to  he  used  on  readint* 
machines  for  the  blind.  .  .  .  After 
drastic  elimination  tests  on  all 
makes  and  types  —  A  U  I)  A  X 
Pick-ups  were  selected. 

AUDAX  is  prepared  to  also  sup¬ 
ply  your  need,  no  matter  what 
it  may  be. 


Here  is  new  microphone  convenience  .  .  . 
a  unit  that  is  either  a  Hand  Microphone 
or  a  Desk  Microphone  at  a  second's  notice, 
yet  readily  convertible  for  Direct  Floor- 
Stand  mountinK  or  Spring  Suspension  in 
“carbon  rings’^-  .  .  .  4-WAY  UTILITY 
in  a  single,  beautiful,  economical  unit! 
It's  an  ideal  solution  whenever  one  micro¬ 
phone  must  do  many  jobs. 

Shure  4-WAY  UTILITY  Microphones  are 
available  in  General-Purpose  Crystal*. 
“Communications-Type"  Crystal*.  and 
Carbon  Types.  Bulletin  139M  gives  com¬ 
plete  information — write  for  it  now. 

‘I.irentied  under  pntrntn  of  the  Bruth 
Development  Company. 

SHURE  BROTHERS.  “Mioophotr  Herndquarier^ 
215  W  HURON  ST.  •  CHICAGO.  U.  S.  A 


with  relays  a  pair  of  double-diode-triode 
tubes  which  are  controlled  through  dif¬ 
ferent  time-constant  circuits  by  the 
output  currents  from  the  sound-repro¬ 
ducing  apparatus.  Marconi  Co.  No. 
441,470. 


Television  circuit.  Unrectified  high- 
frequency  potentials  of  a  modulated 
carrier  are  applied  directly  to  a  Kerr 
cell  which,  having  a  characteristic  sym¬ 
metrical  about  zero  voltage,  permits 
the  effect  of  full-wave  rectification  to 
be  obtained.  E.  E.  Wright  and  Baird 
Television.  No.  441,505. 


The  famous  AUDAX  Model 
“7-B”  Instantaneous  Cutter  — 
used  in  leadinjf  Radio  Stations, 
Universities,  Studios,  etc. 


POSITIVE 

PROTECTION 


Superheterodyne.  An  A.V.C.  re¬ 
ceiver  is  provided  with  a  local  oscillator 
operating  at  the  intermediate  fre¬ 
quency  which  provides  for  homodyne 
reception  and  which,  when  the  receiver 
is  tuned  to  a  frequency  within  a  pre¬ 
determined  amount  from  that  produced 
by  a  received  signal,  is  locked  with  the 
intermediate  frequency  and  releases  a 
muted  tube.  Marconi  Co.  No.  441,582. 


Cutters  Listed  from 

$35.  OB  to  $125.00 

Pick-ups  Listed  from 

$9.5«  to  $390.00 


Watch  RUbHCqumt  ittsucs  for 
farther  drtailH  of  the  much 
talked  of  new  wide  range  de¬ 
velopment — the  Al'DAX 


Tuning  indicator.  In  a  superhetero¬ 
dyne  having  A.V.C.  and  a  substan¬ 
tially  rectangular  high  or  intermediate 
frequency  response  characteristic  a 
sharply  tuned  circuit  is  coupled  to  the 
intermediate  frequency  amplifier  and 
connected  to  a  tube  operating  a  reso¬ 
nance  indicator.  Philadelphia  Storage 
Battery  Co.  No.  441,612. 


MICRODYISE 

the 

^RELAYED 

FREQVEISCY^ 

Pick-up 


For  Your  Power  Tubes.  These  light 
duty  overload  trip  relays  have  a  wide 
field  of  use  as  safety  devices  on  elec¬ 
tronic  apparatus.  Operation  is  un¬ 
usually  dependable.  Scores  of  nation¬ 
ally  known  concerns  rely  on  Leach 
Relays  for  protection. 

Leach  Relay  Company 

5915  Avalon  Boulevard, 

Los  Angeles,  Calif.  ....•••‘’“gii*'*'’  ^ 
SEND 


Interference  elimination.  To  elimi¬ 
nate  interference  from  stations  closely 
adjacent  in  frequency  to  the  desired 
signal,  the  high-frequency  couplings 
and  the  intermediate  frequency  stages 
of  a  superheterodyne  are  broadly  tuned 
to  almost  uniform  response  over  a  band 
14  kc.  wide,  the  interference  being  re¬ 
moved  by  a  wave-trap  between  the 
rectifier  and  loud-speaker  and  tuned  to 
the  frequency  difference  between  adja¬ 
cent  carriers,  for  example,  10  kc.  H.  A. 
Wheeler,  Hazeltine  Corp.  No.  441,970. 


Write  fo-'  detailei  information 
on  all  Audax  products. 


A  U  D  A  K 
COMPANY 


300  Fifth  Avenue  New  York 


Creators  of  High  Grade  Electrical  and 
Acoustical  Apparatus  Since  1915 
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Frequency  Measuring  Service 

Many  stations  find  this  exact  measuring  serv- 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OF  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y. 


DYNAMIC 
(MOVING  COIL) 


Models  7.A,  B  &  C 


MICROPHONES 


NEW  MODELS 

The  high  sensitivity  of  these  microphones 
reduces  amplifier  cost,  parasitic  and  tube 
noises.  Operate  successfully  one  thousand 
feet  from  amplifier. 

MODEL  7-A — especially  designed  for  studio 
broadcasting  and  recording  work. 

MODEL  7-B — for  remote  pickup  and  public 
address  work. 

MODEL  7-C — for  amateur  use  and  low- 
priced  public  address  equipment. 

Prices  from  $29.00  up.  Write  us  on  your 
letterhead  for  Bulletin  No.  3012. 

RADIO  RECEPTOR  COMPANY,  Inc. 
108  7th  Ave.  N.  Y.  C.  U.  S.  A. 


r. 


Specify 

ROit 

PHOTO  CELLS 

for  dependable,  efficient 
performance 

These  fine  photo  cells  are  available  in  thirty-five 
different  types.  Also  made  to  your  specifications.  We 
are  equippM  to  manufacture  vacuum  or  aras  filled 
devices  of  all  types.  Your  Inquiry  is  Invited. 

Write  for  bulletin  today. 

CONTINENTAL  ELECTRIC  CO. 

St.  Charles,  7,  Illinois 


Here  Next  Month 

Jru'Fidelit 


THORDA.RSON 

Most  Sensational 
Audio  Development 
in  Radio  History 


rr 


5th  YEAR 

HIGH 

May  was  the  fourth  largest 
issue  since  Electronics  was 
started  ...  and  the  largest 
since  June,  1931.  This  steady 
increase  in  ELECTRONICS 
ADVERTISING  INDICATES 
GREATER  ACCEPTANCE 
BY  LEADING  MANUFAC¬ 
TURERS  AND  BETTER 
BUSINESS. 


Automatic  tuning  system.  In  a  su-  I 
perheterodyne  the  production  of  an  un-  I 
true  intermediate  frequency  causes  a  3 
control  current  to  flow  to  correct  the 


tuning  of  the  receiver.  The  magnitude 
of  the  control  current  increasing  as  the 
receiver  approaches  resonance  and 
ceasing  at  a  point  near  resonance.  E. 

K.  Cole,  Ltd.  No.  441,691. 

Directive  system.  In  a  direction¬ 
finding  system,  a  visible  and  continu¬ 
ous  record  is  taken  in  such  a  way  that 
the  direction  finding  minima  are  re¬ 
peated  in  regular  succession  and  align¬ 
ment  so  that  they  can  readily  be  iden¬ 
tified  and  distinguished  from  the  fal.«e 
minima  due  to  fading.  R.  H.  L.  Bevan, 
etc.,  Portsmouth.  No.  441,770. 

Modulating  system.  In  a  modulating 
1  or  demodulating  system  employing  non¬ 
linear  impedances  in  a  balanced  bridge 
I  network  an  adjustable  resistance  is  pro- 
I  vided  to  adjust  the  input  voltage  in 
I  each  network  so  as  to  produce  a  balance 
I  in  the  output.  G.  E.  Co.  No.  435,201. 

Superheterodyne  circuit.  To  eliminate 
j  image  frequency  interference  in  a  het- 
I  erodyne  receiver,  a  mixture  of  incoming 
;  signal  energy  and  local  oscillation  is 
!  applied  to  each  portion  of  a  double 
I  detector  system,  the  phase  relation  be- 
I  tween  the  signal  and  local  oscillation 
I  applied  to  one  portion  differing  from 
I  that  applied  to  the  second  portion, 
while  an  additional  relative  phase  shift 
is  produced  between  the  output  energies 
from  the  two  detectors  before  they  are 
combined  and  passed  tj  the  next  stage. 
The  phase  relations  are  so  chosen  that 
the  outputs  from  the  detectors  cancel 
in  respect  to  image  frequencies.  C.  W. 
Hansell,  Marconi  Co.  No.  434,902. 

Noise  control.  A  muting  bias  applied 
to  a  signal  detector  is  neutralized  by 
the  rise  in  potential  of  an  electrode  of 
a  glow  discharge  tube  used  as  a  tuning 
indicator  when  the  received  signal 
strength  reaches  a  predetermined  level. 
A.  C.  Cossor.  No.  437,538. 

Intensity  control.  To  obtain  televi¬ 
sion  images  with  a  correct  average  in¬ 
tensity,  the  voltages  representing  varia¬ 
tions  from  point  to  point  of  the  picture 
and  the  very  low  frequency  and  direct- 
current  potentials  representing  the 
mean  intensity  of  the  picture  are 
amplified  separately  and  subsequently 
superposed.  Loewe.  No.  439,164. 

t 
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Tubes  at  Work 

(Continued  from  page  38) 

well  sealed  at  its  outer  end  by  a  mica 
disc  to  prevent  foreign  material  from 
entering  the  assembly. 

The  high  electrode  of  the  unit  is  con¬ 
nected  by  a  shielded  lead  to  the  input 
terminals  of  a  special  amplifier.  This 
amplifier  has  a  voltage  gain  of  approx¬ 
imately  100,000  over  a  frequency  range 
of  3  cycles  to  20,000  cycles.  The  input 
tube  is  operated  with  very  reduced  sup¬ 
ply  voltages  and  due  to  these  operating 
conditions  has  an  input  resistance  of 
about  1,000  megohms.  The  output  of 
the  amplifier  is  connected  directly  to 
the  vertical  deflection  plates  of  the 
cathode  ray  tube.  A  calibration  source 
is  provided  so  that  the  gain  of  the  am¬ 
plifier  may  be  adjusted  to  known  levels. 

The  horizontal  deflection  of  the  oscil¬ 
lograph  is  obtained  from  the  timing 
axis  oscillator  which  is  .synchronized 
with  the  engine  rotation  by  a  special 
synchronizer  unit.  A  small  alternator 
consisting  of  a  six-tooth  gear-like  rotor 
revolving  between  the  two  poles  of  a 
permanent  magnet  on  which  is  wound 
a  pickup  coil  furnishes  the  .synchroniz¬ 
ing  impulses.  The  pole  pieces  may  be 
rotated  through  a  small  angle  to  frame 
the  pre.ssure  diagram  on  the  screen. 
The  alternator  is  contained  in  a 
shielded  cabinet  which  may  be  mounted 
on  the  engine  frame,  and  an  extension 
shaft  connected  to  the  crankshaft  of 
the  engine. 

Mounted  on  the  same  shaft  with  the 
synchronizer  rotor  is  a  two-pole  rotor 
of  a  marker  alternator.  This  alter¬ 
nator,  similar  in  construction  to  the 
synchronizing  alternator,  has  its  pole 
piece  shaped  to  produce  a  very  peaked 
voltage  wave.  The  pole  pieces  are  so 
mounted  that  they,  may  be  rotated  180 
degrees  around  the  shaft.  The  voltage 
generated  by  this  alternator  is  intro¬ 
duced  into  the  grid  circuit  of  the  last 
amplifier  tube  of  the  pressure  ampli¬ 
fier  and  a  small  peaked  wave  is  thus 
superimposed  on  the  pressure  diagram 
and  appears  at  two  points  180  degrees 
of  rotation  apart.  By  rotating  the 
pole  pieces  these  markers  may  be 
shifted  to  any  position  on  the  pressure 
diagram  and  any  engine  crank  position 
thus  indicated. 

The  pressure  equipment  is  all  rug¬ 
gedly  designed  to  withstand  the  hard 
usage  to  which  such  equipment  is  sub- 
i’ressures  between  100  and 
3,000  lb.  per  square  inch  have  been 
measured  and  pressures  up  to  60,000 
lb.  per  square  inch  are  well  below  the 
duration  value  of  the  quartz  crystals. 

I  uf  Ifie  instantaneous  operation 

•ki  *  ®fluipment  it  has  been  found  pos- 
si  e  to  readily  show  the  effects  of  pre- 
;  *8^‘lion  on  the  pressure  diagram  and, 
j  With  a  special  mechanical  timing  axis, 
I  0  even  take  acceleration  pressure  dia- 
I  grams. 
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Microhm  Mica  Card 
Resistors  Safely  Carry 
Overloads 


ACCTRACY  2% 


These  compan  units  (Type  H.  lV2''x3'/4''xV«")  feature  resistance  element  sandwiched 
between  TWO  sheets  of  MICA,  and  on  tests  have  safely  handled  30O7e  Overloads. 

This  additional  overload  safety  faaor  may  be  the  difference  between  Success  or  Failure 
of  your  apparatus.  Be  sure  by  using  MICROHM  WIRE  Vf'OUND  RESISTORS. 
Catalog  and  prices  on  request. 


mRZ  w5u?d ?es!stors 


PRECISION  RESISTOR  CO.,  3.32  BADGER  AVE.,  NEWARK,  N.  J. 


Insulated  Wire  .  .  . 

Whether  it  requires  a  Simple  Free 
Push  Back  or  a  Line  Cord  in  Rub- 
ber  or  Silk — or  even  a  multiple 
cable — Thousands  of  manufac- 
turers  depend  on  us  for  their 
production. 

Write  us  for  quotations. 

General  Sales  Office 

GENERAL  INSULATED  WIRE  CORP. 

53  PARK  PLACE.  NEW  YORK  CITY 


HIGHEST/ 


READER  INTEREST 

PEAK  IS  REFLECTED  BY  ALMOST 
DOIBLE  PAID  CIRCLLATION  FOR 
ELECTRONICS  WITHIN  SINGLE 


Here  Next  Month: 

Jru  ‘Jldelitifl 


THORDA.RSON 

Most  Sensational 
Audio  Development 
in  Radio  History 


USE  THIS  PIONEER 


SILVER-BAND "  “J"!?  »J,L“ 

POLICE,  AIRCRAFT  and  MARINE  RADIO  SERVICE 

PIONEER  "Silver-Band"  Dynamotors  inanre  uniform  high  volt¬ 
age  aupply  with  lasting  satiifaction.  dependability  and  operating 
economy.  Exceptionally  light  weight — highest  quality!  Various 
sizes  from  6  to  110  v.  Input  and  up  to  1000  v.  Output.  Send  TODAY 
for  complete  information  and  specifications  on  the  Pioneer  line!  Write 
for  Uterature  NOW!  MAIL  THIS  COUPON 

OTHER  PIONEER  CEN-E-MOTOR  CORP. 

J-  W.  Superior  St.,  Chicago,  Illinoia 

PRODUCTS 

Rotary  conrert-  literature  □  Sllrer-Band  Dynsmotori.  □  Gas 

ert.  Oen-E-Motors.  Electric  Plant!,  □  Conrerteri.  □  Gen-E-Motors. 


OTHER 
PIONEER 
PRODUCTS 
Rotary  coorert- 
eri,  Gen-E-Motors, 
Gsi-Electric  Power 
Plants.  AC  or  DC. 
6  to  lit  Tolts.  ISO 
to  1300  watts. 
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SHAKEPRODF  LOCK  WASHERS 


Intermediate'lrequency  transformer  coils, 
pie-wound,  using  the  Universal  No.  84  Machine. 
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Control  of  every  variable' 
in  the  windinK  insures 
production  of  coils  identi¬ 
cal  in  electrical  character¬ 
istics.  Tension,  pressure 
and  wire  spacing  are  de¬ 
termined  by  positive  ad¬ 
justments.  Length  of 
winding  is  determined  by 
accurately  cut  cams.  The 
new,  quick-setting  coun¬ 
ter  automatically  stops 
the  machine  when  re¬ 
quired  turns  are  wound. 
Actual  plant  records  show 
gains  of  from  three  to 
four  times  the  prf>duclion 
of  a  single-coil  winder. 


UNIVERSAL  V^INDING  COMPANY 

BOSTON 


m  ^  Tki  IdMl  tikilar  Istilatlas— Sawtk  latMt  Bara  Tarka  Takiai!  Elgrt 
W  tiaet  ilaarer  karalat— ritalat  lb  latalatias  aad  aMckaaical  prasartlei  ma 
arkra  expated  ta  naiitara,  alli.  aciai  aad  veatkt..  Wkta  kant.  twItUd.  ttralaid, 
Tarka  alwajn  rnaaes  lb  trac  takalar  skapt.  CkaratterbH  ky  ixtraat  •axlkllity  silk 
kipk  dielectric  streaptk.  It  accardiaply  arlthitaadi  raapk  auic.  Ccaaet  la  tkkb 
diSereat  dlaactcn.  a  doxea  diSareat  ca!a:t.  Otker  Braad  laialatlaat:  Tarka 
Sataratcd  Sleeaiap,  Varaiifced  Caaikrlc,  Clatkei,  Tapci  aad  Papan.  Alta  aiaaetai- 
taren  at  Paratt  ladia  Baky  Mica,  Ballt-ap  Mica  Plate.  Black  Mica.  Prccition  Mica 
Filaii.  Write  fw  btt  taaipics  aad  catalap. 

WILLIAM  BRAND  &  COMPANY 

27«  Faartk  Aaa.  217  Ma.  Dctplaiaet  St. 

Near  Yark,  H.  Y.  Cklcan.  HI- 

SINCE  19t0  THE  FINEST  IN  INSULATION 


66 


June  2936  — ELECTRONICS 


